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REMARKS 

The present response adds new claims 18-20, and requests reconsideration 
of the rejected claims. Presently, claims 1-20 are pending. 

Claims 1-2. 7-8, 10. and 13-17 are rejected under 35 U.S.C. 102(b) as 
allegedly being anticipated by Sano et al. Claims 3. 9. and 11-12 are rejected under 
35 U.S.C. 103(a) as allegedly being unpatentable over Sano et al. Claim 4 is 
rejected under 35 U.S.C. 103(a) as allegedly being unpatentable over Sano et al. as 
applied to claim 1 above, and further in view of Plueddemann. Claims 5-6 are 

: i. I . I oc I I o ^ ^rko/ — \ -.ii ii. .u.: x x.ui. r% _j. _i 

mjuuLt^u uiiut^i o'o u.o.v^. luo^ciy cac> tiiicQti^uiy uc^iiiy uii|JctieiiLciuit:; uvt;i ociiiu di. db 

applied to claim 1 above, and further in view of van der Kolk et al. These rejections 
are overcome for the reasons detailed below. 

With regard to the rejections based on the art, it is again submitted that the 
primary reference, Sano, does not disclose coating compositions comprising a silica 
sol, as in the claimed invention. Accordingly, it is requested that the rejections based 
on Sano be withdrawn. 

A technical explanation of why Sano does not disclose a silica sol can be 
found in the literature enclosed. In brief, it can be summarized as follows. 

Sano describes that a composition is prepared by mixing an aqueous solution of 
alkali silicate and amorphous silica, followed by heating while stirring, see column 1, 
lines 52-58. Sano states at column 3, lines 5-9 that the resultant composition is a 
multi-component mixture comprising: 

- monomeric silicate ion, 

- polymeric silicate ion micelle, 

- incompletely soluble amorphous silica or its hydrate, and 

- amorphous silica with adsorbed silicate ions. 
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"Incompletely soluble amorphous silica or its hydrate" is present in Sano's 
system because amorphous silica powder is added. The powder has a particle size 
of 0.5 to 50 micron, see Sano column 4, lines 60-65. As it is incompletely soluble, 
this addition results in particles in the system that are present as big. micron size 
lumps instead of in nanometer size sols. Sano refers to this at column 4, lines 56-59 
by the phrase "mixed compositions of alkali silicate and amorphous silica powder". 
Hence, the "incompletely soluble amorphous silica or its hydrate" is not a sol. 

Further, the composition comprises a mixture of "monomeric silicate ion", 
"polymeric silicate ion micelle", and "amorphous silica with adsorbed silicate ions". 
Iller (enclosed) refers to solutions comprising a mixture of particles of molecular 
dimensions to particles up to 5 nm as "polysilicates", see Iller Chapter 2, page 116, 
paragraphs 2-4. 

Since a polysilicate differs from a sol, Sano does not describe a binder, 
wherein the binder comprises an aqueous silica sol. 

The difference between a polysilicate solution and an alkali stabilized sol of 
colloidal silica is described by Iller by indicating the borderline between the two types 
of systems, see Iller Chapter 2. page 143, paragraph 6, to page 144, paragraph 2 as 
follows: 

"The borderline between a polysilicate solution and an "alkali-stabilized sol of 
colloidal silica" can be drawn at the particle size of the silica below which the 
increased solubility of the silica as Si(0H)4 causes the particles to grow 
spontaneously unless more alkali is added. However, when particles less 
than 5 nm in size are stabilized against growth by adjusting the ratio to less 
than 25:1 [SiO^Na20 system], an increasing and substantial fraction of the 
silica is converted to silicate ions. Thus a "polysilicate" solution may be 
considered to be an equilibrium mixture of ionic and negatively charged 
particles of colloidal silica of such extremely small size that they can be 
classed also as polyanions." 
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Hence, in a sol system discrete silica particles are present and due to the 
"spontaneous gro\Arth" (sometimes referred to as Ostwalt ripening), a silica sol hardly 
comprises particles of molecular dimensions. After all, these would grow together 
with the sols. 

A polysilicate system (for Sano the mixture of "monomeric silicate ion", 
"polymeric silicate ion micelle", and "amorphous silica with adsorbed silicate ions"), 
on the other hand, contains much more alkali than necessary to stabilize sols of the 
smallest particle size manufactured and sold as colloids. See lller Chapter 2, page 
143, paragraph 5. This results in the above-described partial conversion into silicate 
ions. 

In conclusion, Sano's system does not comprise a sol, as claimed herein. 

General information on silicate systems can be found in the following enclosed 
documents: 

- R.K. lller. "The chemistry of silica", John Wiley & Sons, New York, 1979, chapter 
2, page 1 1 6-1 37 + page 1 42-1 49 

- R.K. Harris et al.. J. Am. Chem. Soc, 1981, 103, 1577-1578 

- L.S. Dent Glasser, Chemistry in Britain, January 1982, 33-39 

- L.S. Dent Glasser, J.C.S. Dalton, 1980, part I and II, 393-402 

- Details on silicate solutions sold by Crossfield Chemicals 

General information on silica sols can be found in the following enclosed documents: 

- R.K. lller, "The chemistry of silica", John Wiley & Sons, New York, 1979, chapter 
4, page 312 -418 

- A. Yoshida, "The colloid chemistry of silica", Am. Chem. Soc, 1994, chapter 2, 
page 51-66 

- Details on Ludox silica sols ex Grace Davison 
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New claims 18-20 are substantially the same as claims 1, 13 and 14, 
respectively, except that they include zinc powder or a zinc alloy and also recite a 
silica sol having a particle size in the range of 3 to 100 nm and having a Si02/M20 
mole ratio, where M represents total alkali metal and ammonium ions, of at least 
25:1. Support for these claims can be found in the specification, for example, 4, lines 
18-22, page 6 lines 24-32, and page 13 lines 27-29. 

Entry of these new claims is requested pursuant to 37 CFR 1 .1 16 to place the 
application in better form for consideration in the event an appeal is necessary. New 
claims 18-20 are patentable over Sano for the same reasons claims 1-17 are 
patentable as well as for the inclusion of zinc powder or a zinc alloy, which is not 
taught or suggested by Sano. 

A Notice of Appeal is filed concurrently herewith to ensure the pendency of 
the application while the present response is considered. 



Respectfully submitted. 




Lainie E. Parker 
Reg. No. 36,123 
Attorney for Applicant 



Akzo Nobel Inc. 
Intellectual Property Dept. 
7 Livingstone Avenue 
Dobbs Ferry. NY 10522-3408 
(914) 674-5466 



P:\Parkeri\AC0\AC02694.1 16am.cIoc 



9 



m 




o 



o 



S 
E 
o 
U 



•2 H 



E o 

ws CO 
4J C 



S o ^ 



a> o 

p ?? 



T3 

is 



i2 
o 

B 



GO ^ 

•5 :h 

^ g 

I— 

J! « 

i ° 

g a- 

E i2 



o = 



75 o 
E - 



cd 

O w 

^ g 



t: H — 

H -S J= J= - 



_ O 

ed v> 

^ - O 

ed OJ « 

s I « 

E -B ^ 

O S 
z 



O 
Cd 



a> 

O 

o. 



4> a> 



C2 



> 
cd 



cd 



cd 

-s ° 

II 

o — 



E 

a. ^3 



_ 4> 

-It ■ 

^ 

a> ^ 



E S 



E 

S i 



ed Cu 

K 2 - 



O 3 



o — 



w 



o cd 

° c 

c o 

o *^ 



s :§ 

o J= 

^ o 

Cd .2 
> 



.2 ti: 

Cd c 
I- *— 

o i 

Cd O 

O « 

^' ^ 

*^ o 
a> a. 

GO cd 

Urn 

u o 

>- 1 

S 8 

P c= 



o cd 



:5 c H 



S O 
"5a S 



:5 ^ c 



•o - ^ 
c 
Cd 

CM 



00 ^ 



CI. o 

E 
3 

o 



3 T3 

ed .S 

E ~ 



° Cd 



■g I 

E Cd 

g. E 



E 
E 



E 

< 



E 

e 

U 



.§1 

> H 



O ^ 



C/5 ^ 



•2 0~ 



0000 

fN f*J so O 
rs) 00 — — 



0000 
00 >>C O 



i 1^1 



to 



\o 

00 00 — oi 



00 ro 



^ P 

00 



•a 
o 

C/3 



J2 * U 
• CO o 



- 3 W 

-^5 

« CI. 
2? « « 

-c -o Cd 

^ ^ "S 
2 ed ^ 

5 <=> O 

^ Cd 

_ea 

g E o 

g = e 

■2 S -S 

Cd ed 
*S5 g •« 

1 -8 

S *S 
g ^ ° 

o -g o 
g E ^ 

Oi> ^ t« 
>^ w O 

o g o 
0'.2 2 



^ -i; <i> 

i i 

-C cd 

c ^ 

O w 

o - 

•p u 



T3 E 



< ^ 



^ i 



^d/sq 

a> Cd 
*-t 3 

5 "5 
^ c 
ft> o -5 

a> cd ^ 
Cd " 

£ ^ cT 

I- Cd ' 
§ ^ X 

^ ,§ ^. 

*o 

C «5 CO 
Cd £ « 

S3 -S 5 

o a> 
K ^ 0 

.5 £ 



01 .E S 
*S -o E 

^ E S S 

« o ^ 

.S2 c 

2 T3 O 

« *i 

i 2 o 

^ "3 ^ 



O . (L> 

eo cd 
^ CO) g 

w 



5 -g 

6 g -2 g 

t) ^ O cd 



> — W) 



2! ^ 00 ^ 



O .ed 

^ - 4J 



o ^ — 
— ca. o 



CM 1- 



E ? 



Cd o 



o 

52 o 

I S 8 



-1 r- W 
3 i2 

Cd 5 
> o ^ 

i = d 

<^ X) X) 

O O 

w -O 
OO 4> 

,5 t> O 

-a " 

o o ;r: 

j= 2 g o) 

" c ^ S 

CO n= 
E ^ « 



« -5 .2 



t E 

o o 

as 

< iS 



<2 ^ 



E g 

> 

a. *> 
o ci. 

m 3 



(L> O 

E 

" E 

•5 cd 

Z 5 



On O 



£ .2 g 



: E " 

o cd .5 

= S 

O Cd 



Cd .3 

cd qq o 

.E o 

S 00-5 

« c 



^ o ^ 



o 

o 



Cd ^ 
o cd 



S ^ ^ 3 



> 3 



o 



X5 
O 4, 



o 

cd 

+ u 

o 
cd 

^ a. 
II 



00 



o 



5 lo 



S2 o w 
g ^ ^ -o 

^ 2 

CO CN C 

4> r- Cd 

=^ j= <7n ^ 

Cd H - U 

w Co 

J! d t- i ' 

X ^ - 2 . 
c o t> ^ 

'i -s ■§ 
■§ s o ■ 

E c Cd • 
o .2 o S3 

5? S E 



o. — ^ o 

— C CO 

ed o 2 

-— 4i O 

=^ — O CO 

? cd ft> 

O ^ 



.E ^ 



- ;5 o 

o o 5 
o " .2 

— .S3 

o -a 

Si 

u fc. x: 

wa e ^ 



Cd a> o 



c E 



CO 

in 
•E o 



XS CI. o ^ 



?2 S c= .T-. 

^ -Si = 

ed o Xi 'E 

•7= Cd C 

3 u I- Cd 

U ^ ^ 2 



o 

. ed 

CO 4J 

o 

«3 ^ ?E « 
^ <2 « 

:5 S -S 3 



E ^ 

IE 

>-« x: 

> 
ed 

CO >^ 



E -S 



E 
c 3 

81 



o 



o 
o 



Cd 



CO 
+ 

d 

CO 
Cd 

+ 

d 

CO 
cd 
7: 



o 

4- 

d 

CO 



- p S, 
•3 — 



CO CO 



•5 X 



x: x: « o c o 
.ti .H ^ 5 ^ 



E c 



^ = JSi ;S 
5 ^ ? T S 



^ W5 Cfl to 

h e « 2 

bO O (zj — ^ ^ 

E O •« (L> 

S *-* I u- cd 

o i_ 

3 -o J2 SS^ cd 

E ^ 



3 -o J2 SS^ cd 
w « E S £ 
^ b- cd ■•-» 4^ 

1^ 



•P P o ^ J3 



-0 « - X CO 
b- rrt ed 

CO o c it; 

.^_:0_^<o„ed._.. .4), 

(J o o ^ (L> 

w w X5 (rt 

C t3 Cd o, 

O S C -2 

o 8 o « s o 

o ^ 5 1 ^ 

Q. O "g ^ S . 

-= o 9 « 

w ^ rt o " o t« 

^ ? - S g -2 

« C Cd -rj X o 

? O 2 .2 o o o 

CO so Ci. C CM 



o 

q 

ed 



5 2 ^ 



Si 
00 



O D 
' P CI. 



42 



« 1 :! 

3^ S 5 



£ oo 

o 



.S2 « ^ 



2 5 



Jj 'w 
•o 3 ^ w 

^ o 

2 CO '> :5 "5 
$ ttji t=*> .ti 

^ r-! 



o rt 



'13 o 



o 

t. C cd 



o 8 S" 



a, g 



S 

w C ^ 

g. Cd ^ 

t3. »- ^ 

Cd > 

G O ^ 



Cd 

i -g 

cd 
-O 

I— I 

o 

Cl 



-5 "o o 



I H -2 

O cd 



cd 

o Q 

o ^ 



cd r- 



^ e o 

2 g S 

:| oQ _2 

> **- 

o ^ o 



c 3 



+ 

-Cj 



1 



o ^ 



U 

o 



5 q 



O 

M 

Cd 

o 

o 
o 



o 
B 



t: o 

>^ ^ 
i~i * 

Cd 

' s 

o 



-H Cd I- 



too p 
« .§ 
tn Cd 

§2 
^ E 

(N o 



cd o 
Cd ^ 



o 



c o 

Cd J3 



"i .2 

?? -a 



PQ P 
CO 



<^ E 



g « 



Cd c 

O C - 

E w) 

cd w-^ ' 

m 
ora • 

C O 
O I 

^ o 



a> cd 
o o 



E 
3 



CO .ts 

Cd 



Cd 

1 = 

.5 o 

O cd 



^ ^3 

<» X — . 

O ro 

* 4> O 

(rt M CO 

O ^ 



2 S 

^ <^ 
o n 
o o 

o o 

:s 2 
g § 



s 1 g 

^ 

«J S o 

o :^ ^ 

S3 « I 



u 
Cd 



!^ 1 

.ti , cd 
7 ■ o 



CL Cd CS 



Cd 



O 
J— 



•5 « 



= c 

cd cd 

c ^ 

-I 

E 2 

g- 

^ ^ 

^ c 
7d « 
-o 

g .2 

CL 

^ O 



OO o ^ 



-= 2 



*^ 2 w 

c ^ s :: 

° E a S 

- ^ cd 



S ^ « 

^ 2i E 



- *^ CL 

.2 >> o ;5 

— • — o 

cd cd ^ efl 

U Cd , 

"H- c5 1^ o 

B ^ ^ 

i2 cd ^ i3 

o v 

C « o ^ 

^ 3 v-i O 

g £i -S) V 



V Cd 



o 



2 ^5 1= 



.2 3 tT E ^-fc; 

« •« S E c .SP 



^ o 



< CL E o 




so 



'E"">"c^' 
I 3 I 

I i i " 



(/J 

E 



e 



^0!S (XH0I3M) lN30a3cd 



,0 W3 



3 cd « 
O t-i c 

— 



cd 



U J 



E^ 

q 

■On- 

d 



C Cd 

11 



CL 

2_ 



O 



S ;z; Cd ^ i3 



cd ^ 



-a 



CL . 

id ' 
q 



On so 

CO r-- ^ 

O CiO 0\ O 



00 c/3 X .jr 

cS" Cd" ^ ^ ^ 

Z, ^ ^ ^ 



&0 



o 
o 



u. lo 



o 

CO 



E 
E S 

C/3 O 



o 

= CO t2 « 



;q 

Cd 



q 



X3 



^ IS 

cd V3 



3 

— -o 

<L> Cd 

.2 o 

' i 

-o o 

c — 



o d- 

ii 
so 

IS 

£i O 

J= GO 



C 

o. 
o 

c 
cd 



c . — 

t> CO 

'G O 



Cd 



a. 



« E 

" .S Cd 



cd u 

cd 



2 .2 



o 



^ 9: 

tn O 

•n CL 



cd >> c> 

o -t^ b: 

:= « 

•55 c: CO 

o c 

<L> O 

H si 



o t: 



1 i 

o 



- c « 

° 9 

M .se 

g ^ 
cd 



; 4> > 

; -a >i 

E ^ 

c ^ 

o >^ 



-o -5 w 
^ — t*-. « 

« 8 ° 2 
IS 



O « 



00 o *K 



2^ -S ^ 
S 5 t5 

.sis 

g -o « 

£ ^ t-i ^ 
o o « .ti 

^ 'S 

.5 ^ j- 



c 52 
> cd 



> £ 

^ to 
Cd o 



.ti c o 

1 = P 

-S :5 

« O c 

05 cd o 



o Cd a> 
G '5b 



4) 4i C 



cd 

^ o 



•n o o 
^ J 



5 O 
^ X 



T3 C5 



eg 

O to 

2 E 



*-!-► ed C 
?1 ^ 



w o 



3 o 

> o 

o > 

cd cd 



T3 ^ 

C cd 

O Cfl 

X) J> 



00 ^ 

O 



o 5 



- -5 S 
« ;= E 

^ o 



►5 

• 

S ? E 

I § 2 

- - § 

> J- c 

O cd 

^ E ;S 



9. ^ ^ -^'-^'ra 



Cd 

•s z 

g CO 



Cd 



^ o 



O "^3 WD 



CO , ^ "S 
Cd 

o 



to @ OJ 

*i w 

^ t£ 

O O wi 
« « «J 
i2 E 

5 .5 "5 

to «- 

^ It 



CO =3 "♦^ 



S3 .2 2 

Cd 2 

CO ^ 

? o o 



^ 
E I " 



±: Cd 

CO 

5 Z 8 



CO C 

CO O 
t> 

" ed 

cd -Zl 



o a> 

E o 

<^ P 

" o 

S 



CO 

(o Cd 
T3 



^ Id 

"5 E 

•ti to 

c > 

*i 

S 

22 o 
"■^ Td 
P 

c= .2 

cd w 
o 



w -2 

bO o 

J3 .E 

CO CO 



to ed 
^ E 

ed « 



4> 



^-j Cd 
cd •jp' 3 

b4 /-H CO 



O 



(>0 

o 

H 

o 

H 
< 



O 
H 



+ 



4> 



o 

iy5 



O 

+ 

o 

(7) 



X 

o 
o 



E 

Cd 



II II 



o 

X 



q 

X 

+ 
o 



X 

o 



o 

X 



ed 



C 
ed 



O 



ed 



o 



X 
O 



q 

X 



X 

o 



o 

X 



X 

o 



\ 



o 

cd o 

o o 

ed u ca 

4> 



— to ^ C 



>, 8 

ed 



T3 eg 

1 « 1 

•O to CO 
.22 



E 
.2 2 

00 w 



60 .5 2 



"2 ' « 

C to • — 

ed O -5 

of ed -o 

'o *" S 

CO CO 

g o ^ 

" « c^ 

E. 



O CO 

■X - 

O CO 
Cu o 



w 3 Cd .:=: 



« " ^ 



c ^ 

o 



E ^ 

ed 

— CO 

u o 
to 

t> ,3 



3 i: ^ J> 

W.O 3 O E 

O X) O U o 

IJU ed c x> « 



o S <=> 

O 



CI. m 




X 
a. 




1 
B 



o 

c > 

■l§ 

U O 

fit 



3> X 



CO u 

ed 

« O 

!5 .2 

= •§ 

d ° 

o a> 

>. - 

■g 6 



^ o 



■e 

o 



<^ o 

t> o 

' o 
CO o 

I ^ 
" 1 



c 



o 



e 4> 



cd too 

Cd CTJ 
X 



.5 <=> 
> c 



o 

X 



o 

X 



o 



[si(OH: 


O 
X 


2200[H; 


11 


11 


t) 


o 




1 


[HSi 







o 

X 



q 



GO 

X 



IS 



cd 



4> 



UJ 



O ^ 



d 

^ < 

X ^ 

o ^ 

t« too 

o 

.2 - 

Cd o 

in ^ 

C "ed 

8 > 

s ^ 

B o 
cd 

jj > 
Cd 



CO 

DC 



O 



o 



o 
II 



q 


1 




CO 






O 



no 





1 


q 


q 















o 
o 

<N 



q q 



g s ^ 

yi^ t« 

^ ed ^ 

S« trt O 

- § - 

Cd — S 



g .2 X 

^3 Cd 
O 

J q 



«3 >^ 



> 

tu 

T3 

C 
cd 



ca 

^1 



00 « 



o 

cd w 



O D 

E Cd 

CA *0 



" o -5 



Cd C -5 C ^ 
ai H cd O 



^ g 

T3 O 
4J X> 



I § 



■s -g 

o £:> 

- S E 
o cd 

« ■§ ^ 

00 cd ^ 

4> 



r cd 



E 2 



o 

>^ B 

S 8 

T3 « n 

o > cd 

CA C 



" o 

E 



(U o ^ 

^ 1 

^-1 tA 3 

C Cd -r 



T3 " 
CO 

o 

c 

<u Cd 



X 



cd 
o 



c 

o 

c^ _ 

g 6 ^ 

eg o =3 



O c2 

S.-S 

E § 
r E 



^ .Si 



Cd . - 

tA 

ITS <l> 



T3 

cd 

tn 
Cd 



> I- 

E .5 

J:^ ID 

t> ^ 

> O 

o c 

CJ (A 

V- too 

- o'- 



^- Cd . 

00 ^ <U 



.1=: 



•2 :^ u 

cd Cd S 
.2 ^ 

•2 - E 

Cd c^ -7^ 

- JO -w 

8" s g; 

•« ^ Id 
t3 

O <l> O 



E X 

3 ^ 

CA 

:^ cd 

Td c; 

o cd 

E s> 



■5 too 



00^ 



5 .5 <u 
I E a 



O 4> Uj O 

Cd 5^ S = 



cd -5 
u o 



4> w ^ r= c= 



CA 13 

cd a> 
<u a- 

o 



O cd i> 



g top 

E -S 

^ too 

o ^ 



c^ tii 



too 

c - 



c o 

.2 E 



E oo" 

O ON 



O 

a. 

o 



Cd 

CA 1-^ ■ Cd 

E < o 

«* • 
« <^ 

f>i cd 

c 

4> P <L» 



L E 

-G o 

_f o 

O 

to S 

too t.„ 

E o 

O Cd 

^ id 

Cd 
cd 

g s 

cd 

Si 1 



^ too 



top 
tZ 



O 



t^- E 



lU too 
^ Cd 
Cd <o 



4> ^ 

tin .0 



too 

5 ^ tl 2 



o c 

CA -O 

. o 1- 



£ 



- 4) 



o 

CO 



m <so 
r^i r-^ 



E 
o 

G 



E 



o 

CO 

c^ 

o 
X 



u-1 O O O O 
<N ti^ iTt 



tn o o 
00 On O O 



(3 ^ o 



to" 



^ 7: 5 

g I ^ >^ 
too ex. - y 

"g (JO . 

^ ^ o 

i 



o 



c 3h v_- cd 

O O Co CO 



1 *^ 1 
^ .a o 

2 « 



•2 



° -Si 5 
■§ -5 § 8 



^ 2 s 



' -fi * fr^ S 



o c S 

<o c ^ 



.t: E* 



5! ^ 

S -2 



(O ^ 

c4 4^ &b £^ 



O 
X 

+ 



o 



X 

o 

+ 

3: 
g 



q 



o o 



o 



o 

+ 

6 
« 
o 

X 



o 

X 



o 



00 
ti 

g 



c 

o 



X 

CO a. 

X J=! 

n 

~ GO 

o .S 

cd 



i> 5 



o 



o 



q 

iy5 



o 



DC 

o 



o 

c^ 



3 « 



— <L> O 

♦J ex. cj 

C 00 o 

o o 

K S3 .S 



O .5^ c ^ 



"o X 



c/) T3 



B I8| 



00 T5 *tr 
c 0) <^ 

*« ^ £ 
S :§ -2 

g ^- S 
o 0 <u 

0 t- 

u }s S: 

1 " I 



Cd 



4> J3 

e o ^ 

a- .22 c 



£ -5 
2 w 
o 



g -a .0 « 

cd o 



ID 



a 
c 
o 
o 



so 



O C 



CO E 

,0 B 



-3 »= n 

o ^ ^ 

^ 5 j2 



:5 b 



o ■ 
•r* 

cd 

*-! O 
> 

■5b g. 
o : 



c^ 



4> 



-5 c ^ 



E 2 

- - ° a « 



c Cd 



CO --^ ^ 



tr^ rr-l 



00 



cd >:^^ 



3 



a c - 

•S >,3 
I .2 

000 



i2 o I 

4> w O 

u- Cd — ' 

— 2 dT - 

3 — i> 

Cd <u -3 o 

w w ^ 3 

cd 1/3 CO 

o -5 



o 



.2 < 



.S2 c 



cd 



— ^ cd 

CO O 
cd •■ 



•a T3 4> 

to 

J> O ^- 



I 



3 — 



-3 O 4> 



2 « c« 

cd CO ,y 

(O i--t ^ 

^ >^ CO 

^ g x> 

•5 3 5 



00 o § 
Is 

■ — \ r- ^ 

c o c 

CO 



V3 ."ti 



t3 S 

C 



Cd 



X ^ 



'5 §. - 

o « « 

P CO l_ 

In 4> 

« (U CO 

=2 o 5 

CO *— ' 
4> 



cd 

§ « 

. CO -rr **— ' 

•2 a 2 



5 - o 



O cd 
n. 
cd cd 
o 

>^ ^ 



c C/) .S2 ^ 



o 



o g 

too 

5 ^ 



cd 5 

o 2 



3 

o cd 
o 



r-! 



g <^ 

B =3 

cd bo 

o O 



X I 

E o 



- "5 E=i 

o .ii 

CO 

C to 

^d ^ o 

;2.- o 

o ^ 

o o 3 



CO 4, .S 



o 

s § 

o tB 

CO 

to 

3 cd 
O J5 
too ^ 

C Cd 

cd u 

a> ^ 

^ C 

CO " ^ 

3 U 
too ■> 



S *£ 

'co O 

too on O 

•3 O O 



.2 t 



cd 



X> 73 ' cd 4i CO 



rB W 



2 

o c 

Xi O 

cd o 



o o cd 

CO w Cl. 

3 cd ^ 

.2 rt 

cd O o 

^ cd 

E Q :5 

- ^ si 



E ^ 

,0 3 60 

O H- E 

«j ^ c 

to O p 

O -5 

O ^ CO 

O. o oj 

2 

.2 - ^ 
^ ;S 

^ S g 

^ a 1 

too^ S 



> 

O o 
^X 



a. 2 
<^ s 

t-i cd 

I- :h 

cd 

cd 't; 

^ 2 

J- 4> 

CO O 



2 

O 
i— 
0) 

_o 

c= 
3 




MS *^ 



5 O lO ^ ro CM 

vJ — 

dvnoi^mivM- ^0!S jo noiivhxnbonoo 



o 

X 

I 

1 ^ 

: X 

I O. 



E c c 

^ cd 

I 2 

.3 rt 



3 

cr 
u 

c 

(A 



E O -s 

3u o 

CD -O 

^" PC 
2 O Si 



I r 
U 2 

O C 



'o 

CO 

O 
G 



o 
X 



E 1 

CO g 

Cd O 

vi n 

S ^ 
I- 

5 .5 



CO ^ 

X <x> 

S Q 

Cd t) 



To ^ 
Cd C 



o .2 



w tiO 



C 4> 



CO 

22 >^ 



.> o 

-o I 
« t/) 



I CO 

o C 
g 

u cd 



« ^ ^ 

to ^ C 

o g 

G S ^ 

2 >, 

Cd 4> 4> 

j3 CO 

TD 1^ pL. 
O 3 

E E 2 



CO CO 



> -5 



IS ^ 

c 



2 § 

to 



eg _ — 
ti fti — 



ed C 

t« o 



X Cj 



— 
cd 

a* -c 

o top 

« -E 



"> o~cd 



_ CJ 

■♦^ Cd t~\ 



4^ 



E 3 
o o 

CO 22 



2 O g 
td 

J5 ^ 



X 

a. 



o *-i 



O u 

^ O 



H Cd 



too 

r:3 Cd 

^d .2 « 
•5 ^ 



.2 o ts 



g 2 



*"* .2 

T3 C 



S CO 



io U O CO ^ 



O 4J 



5i b 
E 

B o 



2 

p 



~ o 



o 



o o 

o 



0% 

CO X 



CO I-I c 

c o 3 

I 

•S "o Cl. 

^ o. « 

O O 



^ .2 t: S 



Cd O 

'M ^ 

'to X 

.2 cd 

CO ) 

o O 



E 

3 c 

-3 'cd 

CO c 



2 o 



<:i .iS ed 



< 2 



I- cd 
O «a T3 

O t3 0 

p -s 

too U Cl. 

Cd O o 

£ -a 

0 o 

2 5 1- 

1 -2 . >• 

ill 
i. J g 

0. to tojQ 

1. S £> 

.2 ^ H 

cd CO 
u- cd *3 

too rt 

;c ^ o. 

t*_ -a 
o c t) 
to g £0 

S ^ « 
.2 X 



(U 



o 



to 



m 

O O wo — 
OO OO 

m — — O O 
o o o o o 



CO oo I — 



8 § 

o o 



^ rv| O CO CM 

rN — oo m 

fS — O O O 

O O O O O 



oo o m O 

v-» O ^ rsl 

— — o o o 

o o o o o 

o o o o o 

o o o o o 



o o o o o 
fN o oo so 
— ^ — o o o 



vD m O oo CM 



o o o o o 



o o o o o 



o 



1- o 



o , 
c o 

OO J= 



rs (I 



2 *-* 



00 ^ 



i2 cd 

* -a 

> I 



60 "5 



P E 
3 



§ 1 



I— . 

C 

J=> JO 



.2 o 



CO ^ 

a 



3 

CO 



T3 

W) cd 
ed 



> 

s § 

° j= 

-5 ^ 



o ^ 

ON 3 



o ^ 



cd 



o 



<-> -IT 

O — t_ i- 



4> O 

> E 

<D 

Cd bo 



J3 



a <L> 
ii > 

cd > 



E 

> 4> 
< 



Cd O 

Cd 



5 ^ 



Cd 4> 
o 

to CJ 

« .a 

o 

O 4J 

g s 

I-. 

c > 
o 



5 ^ 



4> ^ 

cd te 

.^i > 

^ O 

O K 

4> « cd 



60 

b ^ 

cd i> 



o «o Cd 



CO ed 

L- 

a> o 

-O 

:c .9 



Cd *^ 

4) C 

X) cd 

i 

= I 

•5 E 



o s 



^ 60 
O -r? 



O 



&0 

X) ed 
o 



XI 



II 



5 



o 

cd p 



E -o 



ed cd 
c 

ed E 

a. 



cd -a « 
_C cd <u 

-g o I 



ed 



I 8 



3 



in 



o 


he 


CO 

u 




■»— ' 


XI 


o 


<*- 


c 


'■^ 


O 


Cd 


cd 




u 


c 


ucl 




(U 

a 


E 


o' 






CO 



c x: o 4:> 

S ^ « c 

-2 O 3 

4> S E.o 



w cd 
cd -^Z 



r= 75 



o 



— 1 r » 



-a 

ed J3 



E 

-5 cd 

^ g ^ 



E 2 

^ (u a, 

Lh -S OO 

o cd c 

S Z '> 

O o cd 



^ O X! 

|2 ■£ o 

c-> o 

. 60 C 

E c 

O cd 

CO ^ O 

.2 O 4> 



O cd 

o -5 



„ 4> 

xj x: J= 

w bo 

o 3 

= « .2 x: 



^ -Cd 
O > 

■I s 

<L> P. 

I 2- 

4> 



X> O 



B 

c Cd _5 
.9 g 

*co 



"5 <i> " 

2 N g 



if 4> 

Cd I— r-! 



60 

CO ^ <^ ■ 

X3 cd ^ w 

^ I c 

« O o 
o to c , 



^ 5> in 



2 o- p 



CO 



CO 



x: -a O 
H 'a cd 

2 



a> C a> 

N ed ^ 

£ X o 

>*0 c 

o o 
a. c/D 



5 u 

? -5 



-= Cd -T3 

O P cd 

s s - 

E -§ i2 



c 

Cd TD 



to cd 
c 
o 



to CO w 



Cd o O ^ O 



O Cd 



o 
o 



o 
> 
c 



4) 

o 

T3 

t-. 
O 

x:_ 



t>o 
c 

•5 

■ o 
o 

< 



^ 2 

o x: t-i 

to o 

4> 60 '-^ 

o o 
60 

« - 2 

E ^ 13 

5 OJ =^ B 



c -5 S ti: ^ 



i3 o-^ 



.xi x: 



-T3 x: 
o ^ 



x: o ^ 



60 

^ S 

to y 

7d ^ 

-o cd 

*o" cd' 
O 

o <u 

o cd 



tfl cd 
c o 
Cd — 



> 

S o 

CX p. 

Cd 



E 

3 



o 

*i Cd 



•5 o 



E _ 

CO 

^ "0 

>^ to 
XJ 



3 a> 

o ^ 
cd XJ 



E 

o 



x> 

-cd- 



S> ^ t5 2 



E ^ 

>n 3 

o .2 
^ Jd 

u > 
x: 

t!:!- E 

2 *> 2 
> J= E 
>>H -E 

r-' *i 



s ^ 

C 

Cd 



■^1 

5 

cd cd 
G 'O 

O 



-5 D 



+ 



^ D j_; trt 

o (1 <^ 



X> 



U -O cd 



O C 
O 

cd w 



^ Cd 

2 ;^ 

60 •<;; 
-E O 

O u- 

8 o 

cd 
o 



o _ 
c x: 



o 

X3 

E 



II II 

Co 1:^ 



x; r3 flj 
o ^ S 

-E 
O 



PC 

o 



cd ^ a> 



o 

CO 

'X 



ed 



I 



II 



II 



4J 



73 - n ^ 



w 3 to 
ed o "P 

o 

^ cd 

I ^ ^• 

Cd C 



so 

t-H 

CL 



<u 7d i> 
^ ^ cd 
ed Cd o 

> x: x: 

^ -I 



I 



q .o 

Cd 



T3 



o 

c . . 

cd ti 
o 

3- 

" -a -3 

x; 

H , Xi 



Cd 



§ Q Cd 



o X ^ 

to 

bO c 

-2 « 

3C 3 
O .2 

2 

c c; 
o o q 



C ed 



O 

II 



O 

CO 

cd 

E 

o 



cd 

. *0 1- 
o ^ 

*- O cd 
? o x: 

^ *i c 

S 3 ^ 

^ a I 

fc* <^ x: 

3 ^ E 

^ -o gu 

^ . 
<o o ^ 
Q w m 

^ E ^ 
;^ 3 o 
o -c *^ 
X3 ■ cd 

CJ 



o I ^ 



^ 1-1 ^ 



5- « 
o o 



^ 1 ^ 

to ^ O 

is 2^ 

3 « y 

CO to m 

a> 60 ^ 
■£ .E s 

^ o 
— ' 

' — ' CO >^ 

— ; c 
o 

4j . — ^ 

3 .§ 

E ^ 



x; 

^ .2 

^ td 
o 

o 

c 

a> 3 

4> .2 

cd 

CO ^ 



^ o t: 3 



r3 (X, 



^ cd 
x; 



O *i Cd 

O E O 

« G ^ 

E J 



o .b 

__co_,cj- 
• .2 « 

2 c 

CI- 9 Cd 



E -S' 

O cd 
§ .2 

Li 

P 

60 
cd ^ 

1 1 

o 

E -S) 

to 



-5 

ca o 

=^ E 

3 

^ to 



ys: to cd 

Cd ,u 



P ^ 9. 

b XI ci. 

cd "tl to 

CL ^ 03 

CO »— ' 

OO t) »r 

.s o S 

Cd i_ « 

i-i CL ■«-• 



CL 75 „ 

t« 3 O 

e to 

cd X3 (N 

C ^ 

O C 3 

.2^0 

rs o ^ 

CO C cd 

CO ^ 

o »— t o 

X> X 



7= N 

E 

^ 

as o 
m CL 

c_ 

0 o 

1 0> 

en* bO 

(3 •'^ 
o> 



cx 

> 
o 



p 
O 



- 1 i 

-o 

O 13 X *i 

^ S 3 

o c 

o c 

o 



(/3 

b 



o 



C 

o 

c 

o 



« Si 



-3 a ^ 

So:: 



g c 5 



o 
<l> 

cr c 

^ .2 



4> Lc: 
.2 § 

a a 

re 



5 ^ S § ^ 



On 

' O 

C 

cd 



o 



^ 'i 



-J CO » 



^ « s 

c a. 

O crt 

^ cd 



O 

4^ *i 3 
-g a. S 

O £ a> 
XI o ^ 

c " n 

O ^ Cd 

^'^ & 

Q 

sal 

0-^-2 

*^ S £ 
•a X) -a 



i2 J2 O F 

crt cd 

G .2 _ 
^|^° 

O r- 4> 

C ^ 

o ■ ■ 



O w 



. »- ^ 
(i» 



•5 - s 



^ .2 



o 



d § 



M ^ 

pi 2 »- 

6 -5 ^ 

4> 

M tJi) 

C • — <L> 

e > 



w 4> Cd 

■s 



• 2 -5 
o 



O cd 

60 E 



« i s 

>^ E S 



o .5 



o ^ 
00 



£ 3 

S ^ E 

i tH w) . 
»- 4> e 

« cj > 

S " o ■ 
ESS 

o 

E 2 ^ 



-5 o. 



c 

o 



Cd 00 



^ p. 



S .s w 

' I- cd 



O ^ 
o ^ 



e 

o 



O <U O T> o 



^ O cd 



O w 



« fan 

2 .2 

^ o 

o 



^ ^5 Cd 

c -S -S" & 

.2 -g o s ^ 

52 ed — 



5 ^ 

^ o 

I- o 



,2 c 



S S d 

O — CO 

«* Cd 

c 
cd 



Cd 



Cd ^ 



'o ^ r= 
o 3 « 

too .t; o 
.S S " 

o Cd 



o . 

O C cd' 

^ s ? 
e 

Ci- c?5 

4i 4> w 

4> Q 



c^ ^ 



:2 e c= 

ac 3 o 

. Cd 

c ^ - 

o o 



CO ^ 

3 w 

o o 
^ ed 

S" 

w 

cd 

(5 

XJ c 
O c 

cn >-» 

CO 

4> O 



•S o 



o Q 
2 



00 — rn <N 
Tt C5 cr> rn On 
O ^ rsi ro 



cd 



-a ^ 

ed 0. 



O 
0Q 



CQ 

o o o O o' 
vo <N o 

^ m ^ ^ 



O 
E 



:o :: :^ 

c 00 

_3 

o 



3 ^ 



cd 

£ 

^ 3 i:^ 

o cd 



GO 
C 



s 

o c75 

— ^ X 
o § g- 

-O GO 

.2 S 

o 

— 3 X 

^ s §• 

^ o two 

S ^ =5 ' 

^ -5 

— o 



'I 

2 O 
'0 

l> GO 

o, - — . 



Cd 

§ ^ 

E §- 



S^.2 

no o 

<= 5 
tS 

Cd 

Is 

7d 

3 



Cd 

.£ 2 

ed cd 



'2 

'o 



O 2 



2 ^ g 



2 > 



3 



o 



o 

2 



o 
o 



Cd 



C/5 U 



g 

E 

o 



E 



00 <N 
^ m 



E 
o 



o 



" i 

bO 2 

id Q 



c;5 £i 

Cd 



4j • — 



o 
o 



o ca 11= 
00^ 

> ^ 

r3 ^ cd 
T3 so 

O g <= 

000 
cn > ^ 

Id Cd 

id s.g-l 

'to c u 
cd xz 

.2 

W3 ^ cd 

2 S f • 

cd «i o 
ed 

rsi ^ w 
^ rn ^ 
cd o 

w -a 

<^ trt o 
^ '12 

§ ^ J 
<H cd ^ 



C m T3 .J- ^ 

^ 3 a. ^ « 

^ =^ O 5 4i 

^ ^ E 1^ -5 

i s. ^ s s 5 

^ ^ ^ g 

> 1^ -o ^ ^ S 
2-g ^ o E 



00 



-3 

^ Cd 



Cd o ^ 
— p cd 

S ^ ^ o 
? c o ^ 

'3 <i> (/5 c j> 

so*:; . o »- 
trt cd c; 

c c 2: Cd ^ 

§^.2-^-^-P--P^-.2 

O ^ C w >p ^ ^ 

E 1 o ^ ^ ^ > 

^ ^ I ^ - 
g S E >.-S S E 

rp o i- — « O 

^ " « - 

_o - - 

^ = O .2 2 m 



E -2 2 



O cd 



•2 _g « 

3 (50 

« ^ r: 

H s. 
2^ p 

o. c o 

^ • -Sd 

^ u 

a. ^ 
« o 

^Cd— <L>- - 

0 s ^ 

O ^ g 
tJ to to 
O O) 



cd 

cd O 



cd 



Cd 



cd I 

o 

r' X 

g.:S 

r: £ 
p 



4> ST 



o. c 

00 u- 
' 3 



.•St 

^ X 

*i o 

*i CO 

^ E 

«- P 'C 

O J3 



w c w ^ ^ 



bO 

U- ^ CQ — ' — 



-S o 
E e 
S -3 



O ^ 

00 ^ 
.E p 
> o 



4c -5 E 

Cd 

'-B 

E 
p 
o 



— 3 ' Cd »=; J= 



. 4> -2 

p £ "o 
j= p 



p 

o 



o B 

(O 

cd 

CL C 



O cd 
w 

cd ^ 
&p 

P 

p -a 

o 

E p 
o 

CO w 

c- P 

<=> 2^ 

CO 4> 



B 



2: 



o 



4> 



c 

o 
o 
bo 
c 

p 



O 

q 



o o o 

-H -H -H 



CN O 



I e4<0 

w K 5 

W (Z) 

u 11 n 

XXX 

o o o 

^ CNi fs 

^ + + 

X 

O XX 

^ o o 

CO cn 



?5 i 



4> 



o •'n 



is 

.2 o 

4> O 

^ Q 



s 



-o g 



« o 

CO £ 



^ -2 
. o 

tiX} • — 



O , : 
^ vJ 
o 

^ O 

X S 

S o 

CO 

CL 

o 

•a ^ 

.2 '/^ 
I 

•5 



^ I- 



o ^ 



o E 

o 

B .S2 
o ^ 

on +-» 

Cm 

O O 

T c 

OO 3 
O 

X B 



•a o 

So 

■•-> T3 
C 3 

o 

£ X 

3 ^ 

g 

«) o 

B < 

a> 



<N O 

.2 c 
O 

o s 

go 
o 



Cd n 
^ O 

•5 CO 
- o 

B -5 

it 

a. 



u O 
bO ^ 



. o 



8" 



crt ttO 
bo o 



u; o 

I- T3 
a> C 

CO 

8 2 

I- too 



X) > 

E ^ 
E 

2 2 
g: 



U -s 

tiO 

^' g 

00 CO 



3 22 ^-^ ^ 



•8 



o 



S 6 



g o 



o Jr:- E 



6 

ITS W5 

< ' 



00 
OO 
3 



O 

^ o 

t: e 

o 



C 4> 



4> 



o Cd 



w 4> 

^' ^ 
C ^ 

u cd 
c — 

S E 



cd CO 
c 



E 

.a 0. 



E ^ 
o o 



o 

OO c 

Q ^ 
o 



o O 

S CO 



o o o o o 
,oo rvi o O 
— — tT VO 



4> O 

g. £? 

C ex. 

E -5 

B ? 

E ed 

^ c 



o a. 

cd 5 ^ 
w c Cd 



cd 



o 

a. 



O <N VO --^ O- 
r*i r^i r^i rn 



g o 

E 

O o ^ 

O w p 

etA k- 

o o 5 



^ " E 
E g 

t CO O 



X 

o 



X 

o 



X 

o 

CO 



o 
oo 
X 

o 

CO 



-5 O 00 

S c « 

^2 § 



O. ^ Cd 

E •£ -g 

^ H 

(o y 

<^ ^ 

g ^ 1 

- « s 

*- t2 E 

4> Cd c 

x: cd u 

00 (« 

.— cfl cd 

C cj 

.2 « 4> 

« S -s 

g-^ .2 

_^ g 3 

^' 00 



Cd 



^ c o 

^ 

• <=> "Tt 

■ W5 CJ 4> 
OJ ^ 

CO on w 

CO gj ,. 

2i o o 
00 - 

o S 

c: Cd o 



'2 ^ 

cd cd 

E CO 

-a o 



4> bO 

c .E 

4> P 



e ^ 
W g 

CO CLi 

o £i 3 

to CL « 

^ o 

C O 



op 
cd 



« .2 



— 0) 

CO 

OO cd 



0) O > 



i2 3 X3 C ^ 

c Ir: F; « Q 



O E 
n cd 

o ■ 



^ -5 
5 o 



O O 

t-* ci: 



w bO 

o u <u 



CO t> 
<D > 
Cu O 

- q 

cd 



cd 



cd a> 
r:: x: 

E t: 



4> CO 



O •* 



'1 ^ 

Z 

c Cd . c 

!^ « 

t-i o 

cd Q C4_ 



E 



.2 

cd o 



O ^ 

cd 



cd 



CO O 



O § 

3 

^ § 

CO O 
Cd c 

cd ^ 



S w 



> o 

CO ^ 

2 »= 

CO C4_ 

o cd 

E,co 

>^ ^ 

O D 

^ E 

OO ^ 



-5 o 

X! 



irco 

4> ^ jc; 

S p H 8 -a g 

-cd--w . -o <U o 
X ^ X ^ 

o 

^ E 



o o 

cd 



-5 O 

cd C 



C T3 
O C 
cd 

.§ 2 

" i-~'3'" 
cd 



e 2 



-co- 

as 



00 



cd"2- 



^ ^ fi !ii 



OO E 

m 4> 



e 5 



o 

4> Vf. 



o C 



^ 2 



Z E 

Cd cd 

^ a> 
00 

c w 



I O 



-c O 



E c 



•zc <o « z: co"^ ^ 



jD O CO I 

Cd - 



■ a. « 

3 cd 



E c: n 

rf rJ^ 



I 

O 

o 



cd C 

.2 

CL C 
cx ^ 

cd V- 

CO O 



T3 «-« 



E ^ -2 

(—1 



CO 



^ /-^i ^ 



O 

cL cd 

<^ E 



t» CO 

3 -U 
O C 
cd 



u o 



4j 



c o 

^ CO 

cd nj 

5 g 



> 
o ^ 
c > 

o ^ 
i3 6 

cd 

cd 

•s o 



x: 
o 



CO 



t: 3 
O r3 



- - - ■§ 

3 



<U CO 
E 



S CO 

^ I 

to 

oO 
•S CO 

E c 

o .2 



-T3 C 

.2 

3 -E 

CO Cd 



^ 4> O 



OO 



o g cd -z: 



tH w 



i 5 := 



^ J2 T 



E 



E _ 
•2 2 

CO O 



CO r- 

II 

o o 



a ^ 



cj ^ ;s ^ 

E X X 

- S3* 



±: -fi 



^ 2 « 
^ 00 P a 

^ -2 § .2 



o 

o .2 



w :5 q 



E 



Cd 

5 :^ 



S o 



<D CO 

E 
o 

O <^ 
O 

i3 ^ 



O W 

P c 

o a> 

o c 



JO 

-a P 

a. 
o 



o 

- I— 

O 



Cd *^ 
c cd 



-t3 ig cd 

X ' 



Xi ^ 



c 

CJ CO 
cd 



^ o ^ 



S E o 

> Cd ^ 

^ ,-** or 

T3 -5 C 

t, o op :^ 



■15 

CO 



.£ 
Cd 



00 

-S E 



Cd « ^ 

-o O Cd 

w cd crt 

^ S. 

E w . <D 

X r-» . 

^ o : 

^ X 

00 .2 5 I* 

!3 O CO O 

cd a> <L> - 
xz a, " 



T3 O ^ 

o o qj 

Cd p X) 

i3 3 :« 

cd "C > 

^ 3 2 
O 



O -o .2 

^ -I 
3 s :^ 

u w Cd 

CO 

o c o 
-t-i Cd 

*uo cd 00 

« E ° 
:2 D. „ 

75 CO o 
° — o 

P -r: 
_o ^ — 

rr cd 

S .2 - 
§■3 <2 



CO Q 



:^ :2 
« g 



C 

P 

o 



— 5 O *j 



x: o 

cd CO w 
4> 



Cd 



OO 



so BO .5f 

5 ^ '3 x: 



:2 c 

Cu Cd 



-T3 — un- 

(U CO 

-E -2 



3-2 as 



o. CO 



CO cd 

§ 2 3 

_c: ^ 
C 

> rt > 



.cd ^ 
rp o 

5r > 



CO C .2 

^5 

O ^ ^ 

o in 

§ : 2 

. fl^ E Cd 

g ^--i 
cf S ■§ 

■ . . IP CO 



•2 I 

3 Cd 



CJ 2 
cd "5 

^ o 



^ p 

Cd ,S2 

CO 0) 

C ^ 

o 



O 
CL 
CL 



c/J <=> I- 

4> CO 4> 

oo S -C 

cd * ^ 



cd 



_ c 
o o 

O 3 

.1 

a> 



^ -S H 
1 xi 



CO II • 



7=: 'O 

cS* " E 
? o o 

O 2 

as ^ 



« g "> 

C 3 T3 
'COP 

-2^3 
O O « 

a? 

75 r E 

:2 & - 



E 



2 c 



£ q 

o 00 



O V3 

^ c 

o 



u. ,2 



Cd cm 

o cd 
t« o 



HI. 



ed O 
o 



3 ^ 

S <^ 

T3 OO 

•5 ^ 
S 

i;i o 
E 

CO 'a 

CO C 

>> a> 

Cd ^ 

.2 4J 

2 1 

c cd 
X 

O 60 



g OO *0 



4) w 

3 2 

ed 



2 O 



O 4J 

3 i 

^- £ 

i -s 



cd M 



O 



St C c« 

- f 2 

^ 
o c 



CO 00 
<=> « 
o ^ 

B § 

^ 2 
-o .5 

en 

'O cd ■ 



< S 

> 5 

^ -6 

en 3 

OO U 

.JL> C 

s s 

cd 



4J o 



a, :t: 



cd -o 



c 

^1 



Cd 



c Si 
2 -5 



o ed ji: 



•o 

.2 rs 

^ *5 

■5 ^ 



S 

fan P 



5 « 
o O 

CO 

Is 

o 



73 ;r: cd 



3 

Z ° 

° i 

(L) 

En 4> 

cd ^ 

Si H 



cd 



O CO 



cd 



cd o 



l-i ^_^ CO 



Cd — , 



if 



.B Z 



:a E i> 



2 

i: Cd 
8 ^ 



O CO 
— ' 3 

2 O 



cz:: o 



w »^ »- 3 



O cd 

fS:2 

o 
o 



'S o 

3 O 



cd c *^ 



„ > !3 

^ 3 ^ 

^ c^ 

i s - 2 

.E ;S g 

eo o <^ 

O ^ 



o ^ 

-1= «i 

cd (X 

4> w 



e -5 

-i O 



•a <=> 

o 



o o 



i3 ^ - 



cd 



1> 



43 o " 



rrt " S 

^ e 2 



c 
o 
o 

c ^ 
o o 

cd 

N O 



> cd 



r , U 

re J 

E 



V£> N « c 



3 

I: 

cd cd 
J5 *^ 

-o c 

O 3 

3 cii 

Cd T3 
(l> C 
cd 



r. U 

CO > 

.2 <^ 

o o 
o 
E 

3 



>p CO 

O 



^ o 

ro t-t 
to 



(O 

ed 
o 

i J 
=^ i 

D CO 
O 60 

u o 



60 • 

'O cd 

w w *^ 

^ o 

(-; O J3 



o 

^ 60 



(U <^ o 

* .§ 2 



^ CO 

s ^ 

w> IS 

CO ^ 



g- 1 e 



O ^ 
O. 3 



-5 ° 

o -u 

^ Id 



cd 



^ o C 

:: 5 > 



m 
O 



5 e 



-L -5 



« O 

•5 E 



CO a 
c o 



'« -2 cii 



2 ^ .2 -c Cd 
b t. S3 « o cd 



13 

«^ A O 
O --^ 

3 >» 

o 



o 

CL *^ 

o o 



CO 



c= O c ^ 
£ ^ 2 

fO (/) o 



cd 

, CO 



cd 



o «1 

E 

cd CM 



5 J ^ 

O *co 



^ ^ 



X c 

cd .tt 
^ O ^ 

^ 11 

.2 o- o 

^ CO 

c -r o 
o > o 

w 

1> to 
^ CI. <1> 

rsi --^ ° 

CO 

O .2 ^ 
^ 3 '60 

^ S o 



ed ^ cd 



I I 

•rt 4> Cd 

""ex. 



3 ? ^ 



<L> C 2 

E 



Cd E CO 
a, :c Ji 

ed T3 u 



I 

a 



CO cd 

'€ E 



C 

« 2 I 

Cd CO O 

;M g E 

:i cd 

cd ^ o 



a 

CO 

12 



. O tin 

»0 cd 
cd cd 01 
c^ c^ ^ w 



O .t2 cd 

2 'S ^ 

^- 2 o 

■5 ^ ^ 

> O 60 

rzi Cd 



CO 



o _g -2 



•O CL 

ed Uh 

CO ~ ^-1 



<^ ® 

«^ s 

tj cd IL* 

;2 -G 2 

'co = 

^ <L> 

cd w 

« " _2 

el— 

60 ^ 



— Cd 3 



« .52 



Cd _g 



3 £ 



^ O 60 

—* « 60 

cd cd -i 

*^ " 1- 

"-9 ^ 

00 ^ 



o 
C/3 



^ c 



— ^ 60 o 



o T3 - O 

S 2^ 60 



60 *^ ^ 

- J5 P 

60 

.2 Ed 

Cd Cd 

- "3 

cd ^ 



'C cd 



cd :— 



4= 

> 
o 



c .2 

o -«-• 
o 

55 Cd 

2 60 

-60"C-^ 

X i 

o 2 



11 



:rea! 


cd 


to 








X 




T 

O 


u 


o 


ould 






3 


pa 



o 



2 - ^ 



1 

2 

c: 60 

O 3 
O 

cd 
M 

"CO.. 
c^ U " 

1> I- 
S o 

60 U- 

o <u 



s 5 

•« o 
O •£ 
< 

O to 

S 2 

'to "l- 
3 

3 ^ 

=^ - s 

to O ^ 

^ 

60 C ^ 

.^.^E_-o> 

£ O cd 

2 5 E 

tXZ CO 

cd (L> 

-c >:» OO 

.tS 

s s o 

1 O o 

'rt E 
^ .2 o 

cd (J 
> a> to 

.52 □ .2 



cd cd ^ 

•2 Q 2 

is £ 

^ ^ 2 

cd ^ 

_ O c 

3C ® 

3 ^3' 

CO 3 

3 T3 ^ 

<L> cd 

^ , ' (U 

c^ " O 

a: 

CO 

•52 O - 

S3 OOO 3- 



o ^ 

CL 0\ 

op T 



< < i2 

III 

CO O 
cd 4> C 



o a- 

g 



O cd 

60 ;2 

> *^ 



ed 60 



0 CO 

1 ^ 



T3 
C 

cd 



CO rzi 



o 2 



g 00 
E « 

2 

3 e 



T3 J=! 

O 60 

% ^ 

> i2 



to 



.ti c 

> ■ 

*W CO 

2 

C 4> 

O w 

o cd 
p 



- 3 
to o 

" O 

E 



-a 00 

2 O 



cd 

o 

« S? 

Cd 

j£= X 

H £ 

=^ 2 
X c 

.2 -c 

Cd to « 

CO 

U 



w ^ 4> 

*2 3 ti 



o d 

o E ^ 

bo , 

c o 

4> 4> ^ 

4> CO 

-a U ^ 

to - 

>^ 3 4> 

O t> o 

u £ w. 

'^'^ 60 



J3 
'I 



^ .2 cd g 



E 



a* t> cd 



oi 

CO 



q 

X 

+ 



Cd "o q 

<u cd ._5 



cd .5 
"> 



60 



I— 

« o 

> Cd 

g " 



E 4> 

a '5 



Cd 



'co 



60 



e 

S '3 c 



CO cd 
60 J2 

•o O 



X 3 

o 
o 



00 



O 



o 



O cd O 

c^ > C 

«-i a> CO- 

Cd O 4J 

3 4> Cd 

O CO 

^ 4> ^ 

Cd j3 ^ 

o £ 

g .2 

CO 5 3 

£ <L> X» 

o ^ 



Cd ^ 

2 :§> 



cd 



<u 3 

> o 

- ^ O 

c o c 

— . ^ 
^ ^ 

-Q,-m 

S ^ B 

> 2 ^ 

4> cd 
"O o ^ 
CO <N 

5 E « 

§ 3 

.2 to r^j 
« -S C 

a> — 

S 2 .E 

Si « 
g 

< c/i 



E 

^ 2 

rE -5 

'co 



2 = 



cd C 
O O 

CO 

2 



10 ^ 

i3 o 

O w 

o cd 



w > 

'5 -"S 



60 
3 

o 



4> r<r 

cd 

f> ed 

'§ c 
K <= 

to 

2 .2 - • 

CO cd K O 
cd i_ -t-t c 

.£ 0 



J3 

U 
O 
3 



^ cd 
^2 



ii o 

° -s 

on C 
ed > 

G .£ 

t: 

O c^ 
^ ^0 



CO 

cd 00 

> 60 



5 * 



cd 

Cd £ 
tn W 



P ^ 



. -t3 C 
COO 
^ c 
o < 3 

C o 

^ CO 



ty) J? 

Cd -3 

.2 S 

:£ c 



c^ o 

o ^ 

.2 ^ 

Ji e 

E «^ 

o o 



^ E 



o S 
o Cd 



a- SP 

E ^ 
b; 

+-i Cd . 

'to E 



CO 

60 
•S 



60 



a. 
1— 

3 



-o « 

C 3 

cd 
to 

Cd 

>-> I- 
X 60 

-o- ^ 

-C CO 

o .2 

O o 

CO 

g .2. 

C M 

o ^ 
7d 

■5 E 

c ^ 

(/5 ed 



00 

o 



= I 



« _ 
e o 

in 



0* 2 



e 



<B h- o 

« o in 
H fau n 



r*-> m oo 
-H -H -H 



»0 

O O — 

■H -H -H 

O rn 



O — 

-H -H 



Co a 



<L> U 
O 

o cr • 



IS cd -^^ 



ca ^ 



.2 o 



•5 tiO . 



Cd CTJ 



> S 
g ? 

£ GO 



0^ o S 

^ to ^ 
^ ;S 

O G 

O OJQ 

-o .£ .52 

c .S £ 

Cd H 

^ C <i\ 

o o ii 

w o cd 



so 

O 00 

c ^ 

cd cd 



> - 
o i> 

4> U ^ 



c o 

4> O 



2 ^ 



Cd 

t*- o o 
O « 

g o « 

■g = s 

cd 



C r- C cd 



V) a> 

•5 § ^ 

o cd ^ 

^ j3 x; 

o ^ ^ 

^ 'C B 

C O T3 

cd 'pi: o 

GO 

O cd w 

.s s ^ 

-f^ cd <u 

■C « 
■«-> 

^ ^ o 

^ Z ^ 

O cd 

« « 2 

iii 

tz: cd c 

Of) c 

S S - 



5 e 



6 * 



3 c: !-; ^ 

I *3 Cd P - 



R 9 4> 



.1-2 

2-1 

-a « 

_^ 4> 
4> Cd 

-O O 



„ cd 

Cd J3 

u: ^ 

i2 ^ Cd 

^^ O Z 

^ Cd OO 



« .5 g 

■*-> 'TT T3 

S O c 

U3 tfl t; 

O 2 

cd X £ 

£; o £ 



-o cd 
.2' ^ 

e ! 
ij 

o 

° t 

S .2 

1 ° 

eft 

g c 

.3 

C w 

O Cd 

ed 3 

go 



I- 3 

g - E 

8 - £ 

j=: c 

^ vi Yi 

■4-t en O 



Cd « £ 

>^ 3 

r- cd O 

:§ - 5^ 

^ B 

c V ^ 

cd t« 

«t g cft 



S — 

<u Cd c 

I— I ■ ^ 

^ -5 



cd 5 



E 

3 

O 

o 



.£ 8 

X) Cd 



£ 

E ^ 



8 

Cd c 



o 

T5 



E U 

cd 

Id <=> 
o 

•S d 

CM 

cd Cd 
oo ^ 

Is 3: 

cd O 

<^ :z; 



cd 



1| 

E 



4-" O OX) 
cd 



o ^ 



cd 



4i 



cd .O 



O 



E r 
o 

^ o ^ 

2 - E 

cd tan a> 

^ .E 

c 43 != 

o 2 



o 
U 



4> O 



Cd 



trt rP ^ 



E 
I— 

^ Cd ^ 



(J trt 



CO bo 

P 3 

Cd cd 

J- o 



4> O — ^ 
O- fo o 

P ^ ^ o 

S E Ci. 3 
cd cd 

^ S 

c - .1 a 

^ " « & 

I X- b .§ 

.sa ^ -g .2 

8 E - 5d 

O- T3 'c ^ 

o E « 

— cd a> -C 

'"^ p O Cd 
" cd 

^ (L> 



^ 3 



2 g 



« C X> P 
Cd fl> 
3 ^ t!) 



O. 

o 



Cl 



^ ca jx 



C O X ^ 

ill ■— rti s« (D 



<L> c 

E *i 



U 4> *J 

SIS i— t t:^ 

e 



6 E S 



W Q 03 I- 



■3 "5 *^ ' 

o o ;S .S2 

'S P ^ c 

2 2 S .1 

TD S Cd 

c3 to :o 

o •£ y is 

■g -g 5^ 

ecd 

o r3 cd 

£ o .S 2- 

= U *^ 3 

I ^ 3 q 
1 ^ E ^ 



£ 

CL 

o 

T3 



E 



E ^ ^ £ 
•55 -5 -52 -^3 



13 



O 



(d "2 



B :b ^ c 



£ S ^ 



j!; « 3 



S «^ 
cd _c 



w w 4> 



cfl !> ^ 

4> -5 S 2 



2 o 
B ^ 



Cl. ^ 

cd 

^ :a s s ^ 



cd >■ J=! o O 



o o Cd ^ 
> :o -zs -g ^ 

. . r* o 



cd 
E, 



E 

3 



« O 

£ 

;^ too 



to 

3 

O 

E 

cd 



3 „ 



> 

Cd 

_ o t) . — 

4> O ^ « 



O 4> jE 

8" 



O 



-5- — c« 



Id o 
E ^ 



> 



4J P 



-m Cd 4> CO 

o ^ H -3 ^ 



rz: .2 o 



00 
3 

o 



c 
o 



o 



bO 

" Cd o 



o 



r> 5 "TS .4> 



^ .2 « g ^ I 3 



C CA U tt^ 



™ 3 .Sf g ^ 

o Cd i- o o 
« o o x> - 



<o 



w « 

Q C cd 5 
*Y cd to > 

O ^ S 

o ^ .2 

o g § g 
c <^ r3 

0 ^ ^ to 

'5 o 

cd 4> o --^ 

J3 t- 

^ o c j> 

1 1^ s 

« c td . . 
CO *> rp ^ — s 55 

cd ^ S^l^ S- 

^ f» 

.S 12 -3 ^ 
"Z O ■ f5 

^ o o ^ 
o ^ c cd 

H <o O ^ 

c bo -z: ^ 
S c =^ ^ 
«^ 2 o 2 

W I— I to 

cd 4.1 ^ 
« « _g - 

2 : ^. i 

3 - 4? «> 

r-2:l>-| 

?3 do ^ to 



3 G 



*> CM 

O to 



Cd 

-5 E 
<=> E 



cd 

O 5 
CX ed 

O 0) 

cd o 



•5 S S o 

g)| S o o 
- ^ c 

O C3 O 
X) '^3 
t3 cd ^ 

S 1 a. 

^ g ^ o 

K O c w 

• rn *^ ''^ 

^ > _c .£? c 
t; cd ^ cd -o 

tdl-3 i 

CO ^ ^ »^ E 

-"Sin 

+2 O Cl E 

cd CO 



4i 



> 

Cd 



O 



« ^ ^ 

cd CO i^i 

cd tH: 

^ S3 " 

S £ H 



cd 

s| 

CO J- 

« H -art ° 
.§ -B I s I 

el) c/l 

3 ^ «) cd 

^ » g " I 

O 



o ^ 

-P w Cd 

3 »- 

t; o -^^ 

« ^ ^ 

o ^ ^ 

^ ja ^ Ja ^ 

o" &o r3 > .2 

Cd ;p -o :> w 



1:5 ^ 
id'g 

> ^ ^ 

1^ to »Jh 

> cd Cl 

^ ' ^ 

3 

a tto o 

a> w J-; 
x: Cd ^ 

:-§ s 

•2-i « 
S S.2 

. 13 T3 
C P o 

o V o 

+i 3 

Cd cd "2 
CO C 

s ^ i 
g " 

O o _g 

cd -3 



^2 



^ t o 

o ^ ^ 

O 3 

i- i> rp 

4> -5 



CL _J 

x; 

.2 « 



E ^ 

I? 



a> to 



Cd C 

X .2 
O w 



^ g 

p g- 

E -g 
t-i ^ 

2 § 



• --I CO 

2 § 



• > u- <u 



£ 

^ -.2 "g^-^;^"^^ 



bO 



cd 

x: 



cd 

P CO 

■H I 

O w 

O cd 
o o 

tJO 
3 

9. ^ 
I— * 

to 4J 

IS. 

CL ^ 

- g 



S-^ a. 

> 3 



5 -co 



4i t3 

^ O 
« O 



o 

-O CL 

§^ 



-r " 



o o 

o .JL 

X! GO 



B 

o .„ 
E 



1^ 

=^ .2 J= 

iff 3 » 

o o t> 

^ CO i: 

c CO 



rvj CNi o 
o 

-H -H -H iNi 
r^j 



— I-Nj CD 

o o — ^ 

-H -H -H ^ 

NO o o ' 

^ vO ^ 



— m 

o o <d 

-H -H -H I 

m rn — ^ 



w VO CO 

X o q q 

2, Q CO 

(75 CO n tl 

S ^ *^ 

^ + + 
+ + t 

§§9.2. 



O O 



4) u. 



GO O 



SO) 4> 4> vs C « -ri M on 



w u; ra 



2 E 



1.1 i 

° § 5 

S " P 



O O 

— p 

» 1 

* S 

c -J2 .« 



c 
o 

"« O 



j:: CO 



2 § E 



2 - 

*^ G 

o 2 « 

E g 

13 2 := 



£ •§ a: 



„ « .2 .5 3 S § 

•§ 1 r^B J = >«-s s 

O.g •= -2 ^ S « >^ 

ton 



to ' — ^ 
1) OO 



O o 



a. c 

o " 
a. 



50 O « W 



13 .2 



*J cj « rt o 
a o -ti I- 



^3 *- 

c « ^ 

rt a, . 

•5 w a> 



5 i « <«- 5 .2 2 -g 1 ^ « 



« S « -5 - 



«- c " 

o -o o 

« to J2 

O ^ ^ 



— 

B ^ ^ 
ct > a 

X rt o 
« o g 

i s « 
I °^ 

C ^ 

X C CO 
O cj C 



cj-!w.004i ^1ri"ni>^.— 
= j.^ Eg .2 ^e:2 = Jit 

5= Mr « ■ 



cd 3 



c « .§> 1 « 5 

en cj W 3 ^ ^ 



I g 1 i 



eo 

.s 5 

o o 

g g 

:S o " 

2 '=3 « 

C r- W 

o £ *i 

" 4> O 

° ^ :! 



' o o rt £: 



>■ ^ 

1^ cd 

O 5r 3C 

flo t: 



CO cd 

<u >: 

. ^ -^s 

•n .2 .2 

" S 6 

c p Q 

o 5 ^ 



cd 

s.i 

eo w 
>^ ^ 

O (O 



.|.2 o 
« n -2 

5^ 1 



"Hoc 

o -c o 

O "Z3 

O „ cd 

S c i? 

O crt O 

o 2 o 



^ ? 

S >, c 

Cd u u 

« .S c 

2 ^ o 



(o n M 



Z^Ma.ocdOcdcdti: 



5 u* *5 ^ 
2 o ^ c 

cd CO > .t3 



52 t- 



a. 



t/1 



o 
a, 

o 

z 
o 

H 
O 



O O J- O 4> 

w P ^ 3 > 

ed o ^ CO 

O O j= 

O ^ cx c -rs 

^ O Cd 4> 

.ti CO cx ^ 

> Cd u, 

§ 60 S 



3 T3 ^ -a 

•q G N <l> 

g o t: -t: 

s - ^"^ 

;^ <u S " 
Cd .22 £ 
^ H T3 ;E 

cd , o o 
^ D w cd 

« <D i J 

9- ^ ^ ^ 
^ £ iJ « 

3 ^ ^ 
^ o c ^ 

S -I E 

E S3 § E 



.2-S « «*-S 

. ^ cd — I o w> 

^0«7d^.H-a3^ 

^ ^ T3 — -° 2i 



^ o ? 

^ := 

OO ^ cd 

3 «« J<S 



o 

CO 

•5 H c 



2 9- S 5 .2 ^ 



cd 3 



3^ 2 J 
ed o 



4> CO 



« ^ ^ 
»- c S 



-c cd « 4> 

« S g ^ 3 • b 

S .§ §-2 ^ .S 
.2 — ocs-o^r-o 

.-z: to o c c « 

,_; co^^ o cd cd o O 

1 5 o 1 o § I ^ 

2 ^ - -a •£ .a w cu-^ 

.•3 • • « 2 « *55 

^ ^ B ^-^ ^ 

-o 3 « ^ -5 



2 .E 



«^ 

o — 

S a> -< 

'3 Cd 



3 



cd 



o c :5 _ 



E CO o ^ 

3 CO wa 
- 1> 



cd Q-. 

y o 



o &o 

:s So.s 



« ^ ^ 



Cd 



« - .N JO c 3 

S o« — ed -3 

<--j o a> o 3 

t»o^§*-'""'5>2-t3 

3^-2 = « o-o:p t> 

p o H =: 1, 

o ^ f S S :S 



<: -™ 



•J " ^ « 

•f o -8 " 

s re ? ^ - 

^ ^ t 
J >; o to 

^ 2 ^ -g 
« 'x o c 

o g « ^ U 
-3 .2 C ,9 



3 

o 



T3 3 
3 O 

o -z; 

O. Cd 

CO (J 



0 g E 



2 Z 



4> 1- ii 2 

O w • — 

-__Ja_>>_S_g.^3. 

^ ^ •'^ ^ 
c c to — 

2 J « 

■5 -3 — O 

01 w cd «> 
" >^ c^ C , 

S - .2 O 
1 .2 ^ 



« 2 J .i S 



cj ^ 2 -5 

« ^ 

6 H 2 2 

M cd ed ,^ 

2 ^ ;= -E 

= iS .a rt 

Cd ^ ^ M 

^t2 ^2 

" "s 

O ^ « 

Cd to iv-i " 

fc- B to 



= Cd -a J 



•> S> « S _ 
"2 I- j= j= 

3 « 3 ^ 



«)i:r «J -E _ 
-E - K 5 « 

> 2 " -3 



.2 "S o <d 

■g 5 -5 -i: 

c o w o 

^ a - -^fE 

« >> ^ rr: « 

t- o ^ « — 

^ to ■>> « 

r*. c: 3 

4j Cd P 4> -r- 

£? I CO £ :| 



o 



2 (U cd I- L- 

S3 E s- E a. ^ ^ 

E 2 ^ 2 11 I 
EE_^2-S2;2|g 

" .2 .2 " " - 



3 3 ^ ai i) 
O O § c ^ 



_ _ O J3 XI 
<^ ^ >> 'lT 3 3 



do qq Sq q 



CO * ^ 



DC ^ 

v5 >;? 



q 

CO 



^ Cd* e^ q ^ 
Z Z CO 



2 U 



U "-^ ^ 



op 
'5 



o 

T3 



O 3 



n O 

2:; « 



.2 CO 

t£ E 
^ o 



CO 



Q Cd to 

o o t^ 

to -> ° 

I> to 

§ -g ^ 

.2 Cd 3 

— — . ' to 

t« <u u 

O 2 O 

Cd o 

3 P « 

o H i- 

H 

2 5 a. 

^ to 

:3 ^ 3 

rp r- = 



_g 3 Cd g 

■5 Cd E - 
T3 p « i:; 

3 <u *^ 

5 i S ^ 
8 3-S-g 

.2 c 3 _ 
.2 «2 2 



2 ,0- 

00 

a> 00 



CO 



1 = s g 

§ Z s s 

I - ^? 

9 w «u X 

4: 



cd «o 

-3 

^ ed 



S3 



o 



E 
s 

Z 



CO 



.2 > « 
w > 

Cd > ^ 

CO ^ 

•S - ^ 
o S C:- 

W O i« 

^ g 7. 
« 00-0 

-2 i^-g 

?i ^ 

^ X ^ 

^ to 

\g ^ Si 
^ 2 > 

-3 ed ^ 
3 r- 



■§ 3 

•2; O > « 
u I I 

■s ^"^u: 

— ^ X ^ 

5 ^. o , - 

2 "H. CO tju 
S E td c?5 

.— cd ,. 

Q fc- O CO 

2 ^ t3 O 

3 j= 

E s'"^ 

<U o 3 O 

o .2 o 

c« O CO 

i 2 

2 

-a X ^ S. 

3 /-^ CO cd 
« CO ^ 



3 .3 

CO — 

to 

E 00 

»^ .2 
as ^ 



O 
S 2 



13 ^ 



1 fo 

-g £ § « 

o -o li o r2 

Q Cd ?P 4> 



o X :2 Id CO 

^ 3 3 00 * 



Cd 



1> 



T3 O J3 4> Cd 

_g CO ■'g "5 >. 

2 o « i -s. 

- X g d* 



Cd 



<u ^ 2 2 
:5 S :E 3 X o 



.^co £ 
5 o o 



* S g O -S -H 
S 5 ii I 2 S 

■i H. sr--§ ^ 

^ rp c « 4> 

o 5 5 p 

R £ 2 ' ^ 

^ t^ P 'C <u 

1 tigi i 



CO 



O 4> U- C 

.2I <-2 



^ _2 



c w eg 



O 

U • — 



o 



00 ^ 

00 u 



-a o 



cd o 

Q. 

-5 > 
•5 ^5 



o 

CO 



^ O 



E o 

o ^ 

•5 o 

- i 

4J CO 

o S 
11 



4> — > 



00 5 



c5 o 



4> E 

^ a 

o - 



8 S 
1^ 



^ o 
c 

<U CO 

I- Oi) 

CL 

a. w) 

CO 



E O 
-2 ^ 

00 o 

1 2 

o n 

o 



CO u ^ 

:t ?\ fli *-* 



*"" (73 
iU > 



•-00 



cm 



3C t:^ 
a, 2 



w 4> 



E 

^ cd 



cd O 

E 

ll 



3 « 

o o 



c 
u 

o 



4> 



to 



^ ^ « ^ 



« 00 

V ed 

CO o 

IS u 



o 
a. 



4> O 



> I 



jz: 3 c 
^ o 

y so 



c. E 

GO O 



CO 

a, '35 

j= E 

U 3 

c ^ 

— Q 

— CO 



(O 4> 
•r? W5 



-o "is eo 

«r *- o 

cj 

! -^"^ 

o "5 " 

o _^ 

-3 

So o. o 

-O CO . 

c 



o 
£ 

q 

•5 o 



-a 

4> 



.2 E 



I: 

O eg 



O 3 

CA O 

O O 

E « 



eg 



r= eg 



.fe ^ ^ 3 _ 
= -o 



I- >1 



3 o. D. :i 



o 

On 



c 



— eg 

60 O 



o 

= « S 

'5 ^ - 

3 T3 *P 

g ? 

O CO ^ 

* to 5 

IS -t-i CO 

^ H 

60 3 ps^ 



C 2 § 
§ ° I 

1 1 i 



.2 



E > 
s 

= -u 

eg <— » 

o S 

C CO 

t> • — 

o -o 

> o 



60 — 
O ** 

Q 

S o 
.2 

eg 



eg 



■s 



3 
O 

i> o 

CO E 



f i 

eg ^ 

^ eg 
c 

c ir: 

2 « 

0 • 

1 i' 

> o 



2 8 



.1 -I 

CO .2 

eg C 



*5 2 

CO O 

i3 u 

^ « CO 
oj ^ ^ 

«) > ^ 

« 60 

eg ;E 



^ CO 

w ^ 

eg eg 



^ ~« o SI): 



<wr> c_> w on 
^ <^ 4> <U ^ 



T3 



o o «5 "5 
i= . t„ 

'co — T3 1) 



'So £ 

s 8 

g ^ 

O w 

•-^ CO 

o 

CO 



E 



eg o — 



eg 

^ .2 
Q. := 

p. CO 

eg 



^ .2 .2 ri b 



•1 o 
2 o -o 

O w 



^ 60 — 

- § 13 

;^ £ ^ 

a. E3 



;2 o 

S 60 



eg .ii 
3 .0 



Si 2 -o 
« ^ c 



.2 c 
o o 

§:.2 



2 T3 

^ P. 



< -5 



0. E 



< ^ 



" 2 « 

•—CO. 

60 x: 

•O O CO 

E w 

eg o 

u, _2 eg 

c= CO 

S 4> 

o eg 

eg eg £ 

CO 

eg 

c: re 3 

- 2 :s - 

3 .2 a 

« ^ 3 

eg 

.2 E p 

« E 

2 t3 ^ 



o ^ 



o r: 



t= ^ 

»- t: 

*6b O ^ 

w o o. 
O eg 
Ox: 

^ to 

« 1 £ 

"S *= .S 
£ ^ 

H C 'co 

^ ^ s 



a> K 2^ 5 ^ > 



eg 3 
^ g 

60(35 

<o 
•5 



eg i-i 

cft CO 

£ >% 

2 ^ 

CO "is 

to 

5 ^ 

o .y 



.ti *« 

to £ t3 
^ u 

0 2^ 
« ci. 3 

-S E eg 

1 -s 

tiO ;^ w 

to O ^ 
eg r- c 



3 to _c V 

CL eg 



£ -a 2 
£ 5 ^ 



«3 

u 

H 



eg 

o •- 
•~ eg 



— o 



.£ E 
E S 

2 

CO 

5 to 

Q. <o 

^ £ 

E *^ 
.2 *> 

S :S 

^■e 



-a o 



.2 „ 

to 

:^ E 
o Si 



2. o 
g .2 

> ^ 



s 3 i 

i 

2 g ^ 

*i C ^- 

t- ^ t? 

!J = 5 

c: 3 ^ 

o cr o 



E 
3 



£ 

o 



^ 60 

eg to 

^ .£ 

eg 

E 

§1 



■£ ^ - .2 

, u eg > 

4> -o eg 

3J — o 4i 



•2 §8 
" " J. 



to b- 

c , eg 

.E 0 ^ 

o « * - 

*- ^ ^ 

o "rr CO 

c 2 ^ 



c c " 

eg o ^ 

-0_tt^__eo„ 

Q. rt; CO 

«r 3. 

5S * «^ 

CO Q eo 

O ^ ^ 

CO 1> 

55 S 



E « 



o 
o 



o 
o 



o 
o 



o o 

eg 4> 

«i 5 

4= eg 
•T3 



w eg 



CO nj~ 

1 

60 « 
CO 3 
I- 4> 
O ^ 



£ _^ ^ 



= E 



eg . - 

* s 

3 O 



o a> 



•CO 4j 
00 «i 



- > 2 



*^ CO 



00 — 
60 eg c 

•£ *^ 'eb 
^ 60 j= 
eg - 

>S > CO 

S o 
« .2 ^ 

•5 3 S 
3^1? 

"2 ^ S 
S. 

. t> 
00 T3 "r 



to w 

S «i 

:s eg 

:5 .2 

CO r3 

-.-> CO 

•a o 



CO -O 

'2 

o eg 

■-^ 2 



£ E 



8 e 

CO ^ 



N-_ CO 

? £ 
O ^ 



^ ^ ^ S d 

00 — "1 o 

CO ^ 

c « 2 _ 



s = o = 



I— I . M 

<L> eg ^ 



£ 2: 



ftj N o 

:S r£ .0 



60 c 

2 S. 



eg eg -o 



w 3 eg CO 



5 



.to 

« -2 



to = « .2 



o. o •£ .2 o 



i> m . 2 



E 



o 



"2 ^ 

-E c£2 

JO •■ 

eg ji: 

o >. 
a> 

60 — 

« § 

" E 



— CO 

« Cu 

£ 

2 S 



o >r; 

t« GO 



^ 1 i 

B ^ "2 

E S :S 

?5 T3 



uT ^ 3 

a> c o 

g S) - 

^ 3 S 

»- 2^ o 
tS - 

60 

^ -D n 

4J eg 
to e« ■« 



I- 4> 

<u a, 

bO CL • 
C CO . 

.2 -5 • 

60 



eg 

£ ^ 

eg .ti 



- £ •= 



•o h »- c: CO 



^ «i 'to 



X — ej 



-u -a. 



S5 

P c 

-:2-^^ 



CT* 

ZIS eg 

o 5 

J? S tS 

U ^ (L> 

^ CL C 

CO ^ O 

eg i> j= 

> £ « 



60 

•2 J3 



=3 £ 



2 ' 
w £ 

(= c 

eg 

•O ;S 



2 S S _ 



CO 

kj' eg 
eg 

O 5o 

CL 

^ P 

o C 

O C 



(L> 

C O 

O CO 

CL 3j 

E ■£ 
o 

eg aj 

0 



CO Cm 
O 



§ § 

-a "> 

OJ kN 

t- a. 
o 

CO 



E 



S 



o- eg 



.a> ^ 3 60 -s; 



eg 50*0 

" = £ 
5 a. 

o 



.2 egfMwaj ct: 
-—-a co^ iT? b- Ot— — 



3^ CO 

* -§ 
s 1 

(1> >T 



60 ^ 



_e CL 

CO eg 



eg 

E- S 
.2 

E 



i5 -5 R" o £ 



t3 :^ 



u O _c — 



00 

3 60 > 
o C ^ 

-e: 



eg 

-5 ^ 



60 

^ CO 



> o 



E £ S 

E 3 - 

.S£ NirJ 

eg ^ — 

41 60 

cL.| 

I i i 



ej 



^ CL 5 



eg -i: 



o 
£ e 

CO ^ 



CL 



£ o 

CO 



o CO E— i 



•£ 

"rt 3 
o £ 



- t: => 



CL. J= 



o Z 



eg o 

3 ^ 

c= — . 

O eg 

u 3 

or 

O 4> 

^ c 

eg CO 

00 



CO 
CL 



o g 



c eg 
« o 



2.i : >. -s^ 

^ CO ai « L=i ^ 



<L> eg 

o -5 



5.^ 4> CO 

fife 

>> 

r3 CO 
<D k- eg 

e 2 _r 

^ £ 
^1 2 

^ =^ 60 

r ^ .s 

eg 

u eg 
E -I 

o S q 

cl-oo't: 

c^ *5 

0 > O 

CO eg J- 

•| 1 

* E c 

= * I 

1 ^ ■§ 



2. g 

" I 

. g o 

^ u 

o eg 

> o 
CO 



o 

k^ U 

2 « 

60 

CM 



- ^ 



o e^ 

^ o .E ' 



? kH 



« o — 



O CL 



r. 1^ ^ 

§ -3 

_ M O 

..CO. 

«> .2 M 

i •■s = 

o E 3 

CO O o 

-7-1 * CL 

« c E 

c 8 « 

.2 2i c 

^ eg 

£ S "Jg 

O 4> 



00 



oo 



2 • £ 



^ oo 



oo — — 



o >. 

O CJ 



o - 



CO ^ S > "a, w 



o ^ 



4> 

£ 

E 
o 



O t3 

a. o 



_3 
O 

O — 

-c . . 
H O 



4j JD 

« 5 



2 ^ 



O cd 



I -2 £ 



^ .2 
IE = 

oT < 

— o 

cd 



o 



E JO 

**~ ed 

O T3 

« o 



Sen 



o 

CO O 

LIZ 

en 

„ O 

8 "^^ 



2 « .2 



."8 



^ O 
O w 



o £ 
-5 -§ 



.2^0 

Cd >r 

ol 

. . Cu 

« a. 

O o 

CO H 



=: o 
o 'z: 



12 



Cd ^ 



x: 3 — 

ill 



U eo 
E Ji 

P 

X) E 

<U O ' 

b. 

cd o 
^ ■£ 
E £ 



4> Cd 
o 

*> — 

Q. 

^ 2 



E .S 



o 5 



5^ .Jii 



o ^ 



c 
o 



cd o 

o .— 
rE <-> 



^ o 



Cd • - 



£ 



2 =^ 



CL o 

w C 

-C o 

cm p 

> x: 



.£ £ 

-o ^^ 

t> o 

o ^ 

c <u 

« -5 

Cd 

> .H . 

c cd 



oo 



o o 

Cd <l> =3 

»- 



o 

Cd > 



5: O 

Cd ^ 

cd 



3 X 



cd 

: ^ 

a. 



o 



o 



-= P :> 

S-S §.1 

E— 4> O 

-o 



II 



o 

E 5^ 



g £ :! -2 § « 



Jii Cd 



CO O 

§ « 

O ^ w 

4> O c « 

S E J ^ 

x: o w *-> 



G. C O 



t*- -a ^ (u 



£ w 



"5 S3 
cd 



E .2 5 



o I I- 

C C a> 

I 



« c c 

c .2 ^ 

■« ^ .^2 

7 « *i 

I ^ e: 

(D o 

i J " 



60 



O = 
- ? 



2 2 .s 



-o 
o 



.2 
-E Z 



4J 



<U w c= ^ 



Cd 



O ^ « CO JSi 

^ *^ g 8 -g g 

g I- 4J i> Cd H 

•2 Cd -5 >^ .N 

o ^ to . . 

2 ^2 o ^ ^ Jli 

O 1- 

^ cd 

Cd o. 



-= 00 « oo 
£ cd o 



(U (i> c " 

t- CO 



.2 S 



o 



cd 



c/3 2: 
o oo • 



5 - E 

> Cd — 

<u ^ c 

H = o 

o ^ 



— X o 

^-f t> ■ — 

S o 2 

- 2 s 

• ^ 4> 00 

E <L> *3 

cH CI. ^ 



y < 



> r. 



E S -g 

5 g 

Cd S 

cii i = 

w .= C 

CO > O 

1 s i 

t> .2 -3 

2 t3 CO 
ed >^ *tr 



4> 

E 
o 

£ 

3 . 



CO o 

ed 

s u 

* 2 

O ^ 
O 

^ 8 

CO ^ 

s «- 

O 4> 



ed 



V O u 

- E « ^d 

w ft> 3 

ed 4> O 

V3 U 

r= o g 

c« So 



^ .2 

CO flj 

.t; E 



00 

-3-E- 

A o 



o -C o 

S = T 

3 O 



I i 



O 



o o 
a 

3 



J3 3 



00 



Si = 



O J= '35 

e« « 

.2 c g. 

ed a> 

■5 ^ " 

^ s - 

> ca Cd 

^E t;; 

-2 ^ 
.2 rS 

III 

a J? - 
.5 ^ 

^ X! 

.2 — 

o 1 S3 

.2 

u ed 



4> 4> 

2 *= 



s q 



E P ^ 

- i 



4> 00 



S O 

_a> CO 

cd <u 

cd -ta 

4> Cd 



to -O 

E § 
S 3 g 



CO 



C ON 
O ^ 

ON 



^ CO 

o > 



eo ^ 
o 
o 



CO o U 

en ^ CL 

« 2 

.2 T3 . 

« ^ M c/3 



"cd o 
u cd 

8 ^ 



:2^2 js a 

K E o 

E 

3 



8 



*Crt 



E-g 



E- ^ 

00 o 



c :5 ^ 

o o ^ 

t> « "3 

>^ .2 

CO I 
O ed 

o. ^ -5 

4> M S 

x; o 



Q . 

OO - 



C 2 ' 4> r- — 

s -S. - s I s 

- § g 

5 c2 8 



8 ^ « 2 



OS 2 



3 E -2" - r "8 ». - 



i.i 

cr 3i ti 



a. ^ — . 
o u . . 

E o 

3 .H 



o y — -5 c/J 

JS ^ w . t- 



S H -5 



ii 

5 o 



ed 
-*= 

O CO 

_ Cd 

o ^ 



-Si c 



> c S 



w ed fc- — 



-= Cd 



C 

<=> 2 



ed 
Cl 

•— CO 3 



O. w 1^ 

o — — 



-Co*. 

c« 

« <i> CO 

•5 " c- 
^ 5 o 

-2 

Cd o L- 

• - H "3 
2 E 



«» .2 00 

^ s S ^ 

CA „ w O 

cd o « 

« « -2 b 

»> .ti « 

* « 3 c 
U § o 

8f 

o ^ 2 

: eJ ^ 

jO U CO V 



c o 

Cd 'z: 



oo 



CO A 



Op 

<7 o 



V u 



E 

ed 



55 ™ *i OS 



^ oo 

ON CO 

— ' Cd 

O -o 

^ E S 
OS ir — . 



oo 



O *5. 



a. o 
«t Q 



5 :a 



C 

O 4> 



Urn 

o 



3 O .ii ^ .2 *S 



.E .2 IE 
CO J= .ti 

i c£ 

§.E E 



CO 



CO 



CO o 

00 



T3 

CO a5 

2 8 
o o 



E c 



o „ 
E := 

CO C 



o .2 
o o 



CO 



c > ed 

•2=5 ^ 

^ .2 

o a> 

" S CO 



Cd . - 
U O 



o d 

g S 2 

^ O fl> 

CO 5 

^ CO 

£ ^ c 



p s > 



op « ^ 



X 

CO O 

O 



o « S 

« s I 

i g 

O ed ^ 
O o • — 

^ « 3 

^ 2 ^ 
oo *^ 

• -c E 

^ |l 



00 Cd 

Is, 

cd 2c 

|o, 

^ -J . 
S OO 

o .S 

3 -o 

o « 

« >. 

jj ^ 

•2 

•u « 

S ^ 

ca o 

^ ft> 

C X} 

11 

o 
Cd ^ 



E 

o o 



Cd T3 
(J a> 

5 E 



>* • 

ed .25 

° f 

CO CO 

2 = 
t2 

Cd ^ 

ct; 3 

ed CT* 



o a> 

> c ed 
13 :S 



.2 



u Cd 



,2 E 



-2 Tf CO CO 

E 3 ^ 



> u 



S2 o 



cd 

3 rE 

CO 



w .2 

CO *i 



2 

I .m CO 



> w 

O ed 
o 
I- 

TD ^ 

CO O 

g E 

-t: O 

ON 

^ o 



ed (J 
2 »- 



£ .2 



'eo O 
u- 

O O 
O. 

c— Cd 



cd o 



M CO a> 
w cd •73 '3 

s E-g-g- 
h I 

o .E 



00 o 

3 c^ 



11 

a. a> 



^ W 



O «S 



s s 



E .» « 
■S o 



^ g. 
- 1 

CO :2 






3 

2 



( d-oOl ) °' 9on 



O eo 

ex « 



.9 >_ 



o :5 



o ^ 

'5 Q 



o 

o 



2: « 



GO 



as O 



too 

^ o 



Z s 



o o 

« — 
o 

<u a 

rt -a 

y c 

— cd 



o E 



o *^ 

<» 

-o E « 

t> o „ 

to ci: . . 

GO -O 

GO W O 
3 C 

« * - 

(O so O 

Si S5 

5 .2 



o ^ 



<0 e1 

0 ^ .Si 



Cd S 
Cd 

o 



cd o rri 



c 
o 
o 



(U * • 

-c .y <^ 



*" o 
o 



3 6^ C 

3 Cd =^ 

I E 2 

E O 



•w Cd 



cd 



Cd o 
5 -3 



o 



2 > 



H g -5 



o. E 
« .2 

E ^ 

3 T3 



Cd V) 
> O 

CL 

X) o 

a Cd 
o ^ 



o 

CO 



5 5 



" a> :e e ■ 



Cd 



>^ Cd 

CO 

u cd 
2 c 

a. 

* P « 



-a 

Cd 

E 



.0 Cd 5 



^ o 

cd 60 



o <u ■ 

■ - -C 

cd 

GO 

1- c 

i2 ■> 

0 cd 

1 ^ 

o ^ 

CO r ) 

^ r 

ed o 



3: 

o 



CO 

O o 

a- o 



r= "7 E— • »o 

to . ' 



o O 



4> -i= 
0. c 

E • : 



S GO e« 



4> S 



Cd S 

^ -z: 
^ o 3 

Cd « -3 

to- (L) 



a -I 



w C Cd 



o 

_ E 

— Cd 



cd ed 

a- E 



^ E O fS 



— Cd 
O 



2 3: 

t2 — ' 
2 »- 

S c 

^8 



<L> O (o ^ — 



2 „ 



— , (U 



w t- GO 



4> a> "O 



-V 3 



C3 Tz: \o 
to o 

i I ^ 



I 



nficid from that of 9 and in »i. 
|p^r resonant ^ignab^lsTcSS ^^^^^ 

qucncy is increased from 90 to 2(V> iJm^ . «P«*«neter 
<c doublet is due to c«uS wiS^^2f' '^'^ ""icatbg the 
i| in 8 aU MejSi grou^ a?e aT^^l^ Phosphorus. It is clear 
pnfinhed by "a'HI mi^f^^ "*™«*'''- "^his fact 
s no indicaLn of a I^ilf. - spectrum of 8 Which also 
BMe I nS J'^! 25.6. = 
Bte), Ind BNSiMe,(d, 55 34 vfL "l^^ 5 <54^PNsic = 
j sjsectrum of 8 «th Wts no L'OT ~ ^ ^ ^he 70<V 
279. which co^SSl^^^S^^T^ is 
indicate that the stJucture of8 S^^*^' ^ fowgoing 
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include five ions which Ke a ri^?^ f '^"? Th«c 
^ Aqueous silicate solSn^ arr?^^"'^^* ^ ^ 
dustry' and gcochcmi^?S,°^„Th^fJ^"' ^J"' <'?t««ent In- 
cance.^ Stable solutioi^f r^f^ ? biochemical signifi- 
achieved at high^S'^^tfoSr ! ^Jl^?"*-^- Olg^e 
ye sunpie. in practice they are^^miZ^'T:"'""'' *PP«»r to 
ipn polymerizes in such a fShi^^?f^ orthosihcatc 
in dynamic equilibrium SSe^nl^? f ' ''""^'^ 
nature of these species was obtai^^ • "f?'™*'*'" the 
by trimethylsflyk^rfoU^w«?i^ mdirccUy. for instance. 

a variety of peak a^^fj^l mfonnation.^ since 
there has b^n^lSr^vlf 

structures. Rapid piWexch^n^ '^'^'^l the peaks to givei 
can be observe? aSd StS^^h !f *^ that no (Siji) coupling 
that (Si.Si) coSCis^aSt S^S'ni^' 
been achieved, and bar^ L .r^'"* however, 
species (Cf), end grouK S>? .^idll ^^hosiUcate 

positions (Q3) hafe bSi?c«,S ^^'^J^AT ' h'"".'*^ 
the subject of disoute hut ho^t u ^ further bands are 

and Q3 Lts in tKLtSbSrL* ir«^ 
to Silicons bonded to four oxv8^^toJ?^i^i*^*'*'° 
number indicates Low many of th^I ^'/"'^ superscript 
bridges. AssignmcntroSv2,.,n- u"^ °f s«OAy 

only the nK,no^S aJid St Xfe ''^^^ 'l^" "^^ ^^ 
definitively.' fThc d«i««7i^^ P^*" "^"^ recognized 

to the condeiicd sD^i^ f "-membeild 

the appropria^.KlfTddft3 " '""'^ ^^'°> P'^ 
this discussion the^«?f .iSS u Throughout 
ignored.] A third peS-^ h^ " - JJ."*^ *P**'« P^«»ent are 
and Harris and N^m^^ ? ^'^'^^ ^^mer (CPJ. 
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studies by using material enriched in »<?i,nHi. ^ • 
mformation from splitting SteiS f„ rLl- '^^'^ "blamed some 
found to.be.unsplitinchfHi^^^^"^^.^'^'^ 
Moreover. sS^ I'^^J tt^'f ^' ^'^ 0^3 
r but fell short of d«r pS'^S?„1'° the existenc^f 
'carproot. Smce.the chemical likelihood of 
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quency-positive convention. The monomer resonance i 
the molecular structure III. 



' labeling M and X. see 



systems involving thrce-mcmbcred rings has been questioned, this 
situation is unsatisfactory. 

The difficulties in the way of more definitive work have been 
(a) the complexity of spectra, which show that many species are 
present over a wide range of pH and concentration, (b) the low 
S/N and poor dispersion provided by first-generation Fourier 
transform NMR spectrometers, and (c) the lack of evidence 
linking peaks due to the same species. We have, therefore, dedded 
to make use of two further techniques which arc well-known in 
other areas of NMR but have not, to our knowledge, been hitherto 
employed for ^i, in addition to the concept of ^i enrichment. 
These techniques arc (a) use of a very uigli-flclu speCLfOu'ictcf 
system (operating at ca. 100 MHz for »Si) and (b) (^i,^i) 
homonudear decoupling. Splitting patterns have provided essential 
additional evidence for particular species, and we have been able 
to definitively confirm the existence of I, which shows a first-order 
AMX2 pattern for the per ^i isotopomer. This assignment also 
all ws us to be reasonably certain of the existence of the cyclic 
trimer. Spectral analysis and homonudear decoupling also show 
the existence of two other s pedes involving the thrce-membcred 
ring, viz.. II and III, which give (AM)2X and (AM)2RX spin 



II 



IV 



in 



systems, respectively. Moreover, the chemical shifts of the latter 
make it reasonably certain that one of the unsplit peaks (the singlet 
Y mentioned in our previous work)* is due to the cage structure 
IV (double three-membered ring Q'e)- 

It proved to be possible to recognize and assign the splitting 
pattanns due to two further spedcs, V and VI, which have not been 



0* 



V 

VI 

postulated previously. The former gives a first-order S^yi^z pattern 
and the latter forms an (AX2)2 spin system. The spectra of V 
and VI arc illustrated in Figure 1 . These two spedes give chemical 
shifts clear of the previously recognized bands. The groups 
of V arc r es ponsible for the tri plet (designated W) otecrvcd' in 
our earlier study with ^'Si-enriched material. 

Two further possible assignments may be made. The singlet 
X observed in our earlier work* is probably the cyclic tctramer 
0^4, Finally, a sixth singlet, seen for the first time in the present 
work, may be tentatively assigned to the "cubic" cage compound 
(i.e., double four-membcred ring), Q^g. on the grounds that it has 
been previously postulated to exist in solution' (the corresponding 
' trimethylsilylated species certainly does),*** the chemical shift is 



(10) Dcnt-GIasscr, L. S.; Harris, R. FL; Jones, J.; Lachowski, E. E. MoL 
Struct. 1979, 51, 239-245. 



-!« -14^ 



Figore 1. %t NMR spectra of the silicate spodcA V and VI (see the text) 
fully enriched in (A) units of V, (B) units VI, (C) Q» units 
of VI, and (D) units of V. The small peaks in A and D are due to 
spedes with one replacing ^t. The firequency scale is in ppm with 
respect to the peak for Q**. 

reasonable, and there are few other remaining structures that could 
be responsible for a singlet for the ^i-emiched sitaation. 

Thus we have evidence for 1 1 separate spedes; oar confidence 
in the structures range from ca. 70% to 100%. Apart from the 
monomer and dim^, these in vd ve cyclic <x cage coo ip o u Dds. Five 
spedes include three-membered rings, which therefore (contrary 
to expectation) must be particularly stable under the high pH 
conditions used. The remaining three spedes (as wdl as U, in, 
and IV) involve four-membered rings. The structmes V and VI 
are clearly related. It is of interest that no spedes VH could be 
detected — presumably cyclization of the cis isomer to II occurs 
readily. 




vn 

All this work has been carried out for a particular solution of 
KOH/SiOj which was 0.65 M in Si, with a ratio KiSi =1:1. The 
solution was prepared by dissolving Si02, enriched to the 95.3% 
level and obtained from the Electromagnetic Separati n Group, 
A.E.R.E., Harwell, in a medium consisting of KOH, HjO, and 
D2O. The spectrum shows a number of additional peaks for which 
assignment is not yet possible. The chCTiical shifts for the assigned 
spedes are given in Table I. The spectral analysis has assumed 
that only two-bond (Si,Si) coupling constants are large enough 
to be resolved. The way is now open for exploiting the techniques 
described here by the study of solutions with a variety f pH's 
and concentrations. We shall report fully on such work later. 

The spectra were obtained at 298 K by using a Bniker WM-50C 
spectrometer with a 10-mm multinuclear probe head, operating 
at 99.36 MHz for ^^Si. Homonudear decoupling was achieved 
by gating a synthesizer frequency source (whici can be set in 1-Hz 
steps) synchronously with the A-D converter dwell clock, am- 
plifying it to ca. 2 W. and coupling it to the observe coil of the 
probehead via a directional coupler with ca- 25 dB loss at 99 MHz. 
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Sodium silicates 



L S Dent Glasser 



Commercial sodium silicates are produced from sand and either soda 
^ash or caustic soda. Because these ingredients are so familiar, it comes 
;as a slight shock to many people to discover that the products still 
- present something of an enigma in their structures and 
properties. However, it is no surprise to discover that they are 
relatively cheap which, combined with a wide variety of applications, 
. accounts for their great industrial importance. 



Sodium silicatea are manufactured as 
glasses, solutions, crystalline solids or 
soluble amorphous powders. About 3m t 
of these materials and derived products 
are pr duced annually. Although this is 
less than the production of chemicals 
rsuch as sulphuric acid, ammonia or. 
l. caustic soda, sodium silicates still rank 
?^as a major inorganic chemical product. 
b-Xable 1 summarises some of the uses of 
^^limi silicates in the US and UK. In^he' 
JUS'^pughV one third of the sodium 
. siiit^t^^^ is consumed directly in 

^tfietdetergent industry, about haif of this 
^^|'3rii ' additive to washing powders. 
C^SsUt another third serves as a source of 
a for derived products such as silica 
■ aind sols, alumina-silica cracking 
Stagtial^ts, zeolites, and precipitated 
^'§^^^:{vf}iie\Y used as carriers and fil- 
^tth(§ remaining third is consumed in 
laheous applications such as ad- 




dend cements, deflocculants, 
^4||jr; applications, and vehicles in 
J^nic paints. The UK pattern is 
_ ar- except that rather more (about 
ft®^ 's used as a silica source for the 
7'chernical industry, and proportionately 
less in the other two major divisions. 

Most sodium silicate is produced v/a 
the furnace route, in which sodium car- 
bonate and sand react at ca 1 500 'C to 
9've sodium silicate glasses of various 
compositions: 

Na^COa+xSiOa ► 

Na^CxSiOa + CO^ 

where NaaO.xSiOa represents the oxide 
ratio of the glass produced. Commercial 
^lutions are produced-from-the glass by 
dissolving it in water under pressure. 

The value of x specifies the mole ratio 
of the glass; this is virtually the same as 
the weight ratio, since the formula 
Weights of Na^O and SlOa are very 
similar (62 and 60 respectively). Most of 
^pe qiass manufactured in the UK has 
weight ratio either of 2 ('alkaline glass') 
^3.3 ('neutral glass'). However, 
silicates are so strongly basic . (ortho- 
|'»c<c acid, H^SiO^, has a pK, of about 
•4} that even solutions of the 'neutral' 
' have pH values of 11 or nriore. 



The furnace route is very wasteful of 
energy, and where sodium hydroxide is 
cheap, the alternative route— direct dis- 
solution of sand in caustic soda 
solution — is attractive. This method 
however has the serious limitation that, 
only lower ratio products, below about 
2.5, can so far be produced by it 
economically. Moreover, handling caus- 
tic solution at the elevated temperatures 
and pressures needed poses real en- 
gineering problems- Direct reaction of 
NaCI, SiO^ and H^O: 

2NaCI+xSiO, + H,0 > 



Na20.xSi02+2HCI 

using the volatility of HCI to pull the 
reaction to the right, look? even more 
attractive, but has not so far proved 
econorhic. 

An excellent and authoritative review 
of soluble silicates and their derivatives 
appeared relatively recentl^and should 
be consulted for more detailed technical 
background and a very full list of ref- 
erences up to 1 977. The main purpose of 
this articJe is to review current progress 

Table 1 . Uses of sodium silicates. 

Percentage 



L. S. Dent Glasser Is reader in the 
^nment of chemistry. University of 
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of US 


of UK 


Application 


market* 


market 


Detergents 


30 


24 


Silica source for 


37 


49 


chemical industry 






Silicate based 


20 




pigments 
Cracking catalysts 






10 




Silica gels and 


4^ 


45 


sols 






Zeolites 


1 




. Calcium silicates 


1 




Metasillcates 






Titan la pigments 


1 


4 


Other 


33 


27 


Adhesives 


4 


4 


Cements 


4 


7 


Roofing granules 


3 




Building materials 




2 


Ore flotation 


2 




Water treatment 


2 


1 


Textile bleaching 


2 




Foundary binders 


1 


11 


Welding rods 


1 


1 


Miscellaneous 


15 


1 



* PQ estimates from Schweiker, J. Am, 
Chem. Soc. 1978, 55. 36. 
*» Estimates for 1 979. 
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in the field, and only references not 
given in ref 1 are included. 

Solid phases 

The compositions of sodium silicates are 
conveniently displayed on a ternary dia- 
gram as in Fig. 1, which sh^ws crystal- 
line phases and the compositions of 
technical products. The crystal 
structures of the so-called metasilicate 
hydrates, Na^SiOa.xH^O, have been 
known for some years: all in fact contain 
HaSiO^^' ions and should consequent- 
ly be written Na-jH^SiO^.x-l H^O. They 
should properly be called 'dihydrogen 
prthosilicates' {cf phosphates), but the 
use of 'metasilicate' is enshrined in the 
technical literature, and workers in the 
field have mostly learned to live with it. 
Crystal structure determinations of 
Na3HSi04.5H20 and, more recently, 
NagHSiO^.aH^Oa show that these too 
contains orthosilicate groups.^ 

Phase relations on the alkaline side of 
the triangle are fairly. well established, 
equilibrium bet Kg approached quite 
rapidly. However, the more remot the 
composition becomes from the 
Na^C-H^O side of the diagram, the 
more one becomes entangled with 
metastable systems and the less easy it is 
to establish the true facts. 

A number of relatively siliceous crys- 
talline phases exist, four of which 
(magadiite, maketite, kenyaite and 
kanemite) have been found as natural 
minerals associated with soda lakes: 
several other compounds have been 
synthesised in the laboratory. W II es- 
tablished compositions are indicated in 
Fig. 1. Only one structure (maketite^) 
has been determined, and even th3 com- 
position of many of these phases is still 
in doubt, as are the relationships be- 
tween them. However it seems likely that 
a number of them are layer structures 
based either on single silicate sheets, of 
composition SiaOg^", like those found 
in maketite, or rriore complicated riiul- 
tiple sheets, perhaps similar to those 
described for Na^SigO,. They behave 
rather like clay minerals, many exhibiting 
variable basal spacings according to the 
degree of hydration and considerable 
ion-exchange capacity, in particular 
exchanging Na* for H*, so that corn- 
pounds close to H^SiaOg and oth r con- 
densed 'silicic acids' can be mad . 

Sp cies in soluti n 

The structure and stability of the species 
present in s lution are also poorly de- 
fined, and until quite recently very little 
was known about them. The distribution 
of species is governed by two inter- 



So/s 
Bndgels 



Typicai 

commercial 

solutions 




Percentage 
weight H2O 



Percentage 
weight S1O2 

Hydrous 
glasses 



Na*Si04 NajSiOa 



NaiSijOs I NazSiaOT 
^ \ m ^ i I* ^ 



NajO 



NatSijO, 50 

Percentage 
weight NSiO 



Alkaline 

Range of 
manufactured 
glasses 



Neutral 



SiOz 



Fig. 1. Phases (including metastable ones) 
-H2O: adapted from Barby et al. 



in the ternary system NajO-SiOi 



^SiOH 



and polymerisatioo^epolymerisation: 



^SiOH + HOSi^ 



^Si-O-Si^ 4- H^O 

Unlike the similar reactions in phosphate 
solutions, the latter proceeds very readily 
making silicate solutions very difficult to 
study; even the pK values for the various 
species are not precisely known. 
However the development and appli- 
cation of powerful ^®Si nmr techniques 
over the past few years'' has revolu- 
tionised our knowledge of the species 
present. Combining this information 
with that from other techniques such as 
laser Raman spectroscopy and trimethyl- 
silylation has further clarified our 
ideas. 

Figure 2. adapted from earlier work/ 
summarises the situation. Below pH 9, 
the solub i lity of al l fornris oj^ silica is very 
low; that depicted in the figure is foFthe 
most soluble form, amorphous silica. 
(The solubility of quartz and other crys- 
talline forms is considerably lower.) The 
species in solution in equilibrium with 
this is monomeric and, since silicic acid 
is very weak (p/f=9.4), virtually totally 
prptonated. 

Above pH 9, dissociation becomes 
significant and the solubility corre- 
spondingly increases. With increasing 
concentration, polymerisatton into 
multinuclear species also becomes im- 
portant, and solutions above about 0.1 M 
with respect to silicon generally con- 
tain a complicated mixture of species in 



dynamic equilibrium. In the area to the 
top right of Fig. 2, changes in pH or 
concentration result in very rapid adjust- 
ment of the species in solution and re- 
establishment of equilibrium. These 
species are thusquite labile. It has recently 
been shown^ that contrary to the expect- 
ations of many workers in the field, a 
considerable number of these species 
{Fig. 3) are based on a ring of three silicate 
tetrahedra, hereafter called a 'three - 
membered ring' (although the ring actu- 
ally contains six atoms — three Si and 
three O). This discover/ was surprising 
because in crystalline solids such a ring 
is rare as an isolated entity and (with two 
exceptions, Ni(en)3Si60, and 
the mineral zussmanite) unknown as part 
of a larger silicate unit. 

Studies on silicate solutions by the 
method of trimethylsilylation^ had sug- 
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gested that the three -membered ring 
was unimportant in solution, and that 
the sequence of polymerisation was 
monomer -►dimer-*linear trimer (three- 
membered chain) -♦cyclic tetramer 
(four-membered ring) -♦cage-like units 
{Fig. 3c), It now seems that this result 
was an artefact of the method. The 
isequence is in fact probably correct for 
polymerisation occuring to the left of the 
solubility curve in Fig. 2, that is in the 
less alkaline region of unstable solutions, 
but to the right of the curve the three- 
membered ring appears stable, and 
species such as those depicted in Fig. 
3(b) occur. These species are labil . and 
re-equilibrate rapidly with change of pH 
or concentration within the region of 
polymeric species; because of the reluc- 
tance of extended structures to incor- 
porate three-membered rings, they are 
probably limited in size. Larger units 
such as are found in sol and gel particles 
are probably based on four-membered 
and larger rings, and are less labile. 



Sols and gels 

The area to the top left of Fig. 2 rep- 
resents conditions under which all solu^ 
tions are ultimately unstable with respe^ 
to precipitation of amorphous silica 
silica gel and has been termed the 
stability region. The rate at which ai 
rent equilibrium is attained , is 
variable: acidification of fairly con 
trated — ca molar— sodium si Meat s 
tions to a pH of about 5 or 6 produi 
a stiff gel virtually instantaneou: 
at pH values greater or less than ' 
the time to form a gel increases 
several orders of magnitude. It is po 
ble to prepare apparently clear soli{tio^ 
that persist for weeks or moriths l^fr 
becoming opaque and finally gellirig' 
Careful reduction of pH by lect 
dialysis or ion exchange (keept 
electrolyte concentration low) can p 
duce slightly alkaline sols, with a 
soda-silica ratio of 1 : 30 or more, con 
taihing monodisperse negatively 
charged particles of ca 2-1 0 nm. th size 
being determined by the preparative 
technique used. These include th silica 
sols of commerce, and may be clear in 
appearance or more or less opalescent 
depending on particle size. The stability 



Fig. 2: Summary of silicates in solution, drawn from a variety of sources. 





(a) • Si04 
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(b) Species detected at high pH 
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(c) Species detected at low pH 




Fig. 3. Some silicate species found in solution: (a) Monomer, SiO^, dlmer, SijO, and 
cyclic trimer, Si^O, (ionic charge etc omitted for simplicity; the state of protonatiohs 
depends on pH). Diagrammatic representations showing the silicon atoms are given 
below the conventional drawings; the lattier get very complicated for higher degrees of 
polymerisation. (^) Species found in alkaline solution, depicted using the convention 
shown in (a), (r) Species detected in add solutions. 



of these (in the sense of persistence 
rather than true thermodynamic stab- 
ility) is greatly influenced by the pres- 
ence or absence of electrolyte; addition 
of salt to a sol or a solution in the 
instability region results in the pre- 
cipitation of silica. 

The particles in silica sols are spheri- 
cal, and electron microscopic examin- 
ation of gels shows that these too are 
based on roughly spherical particles, 
generally about 100 A in diameter 
which are themselves composed of still 
smaller particles, about 1 5 A in diameter. 
Opal — naturally occurring- silica -gel — 
consists of regular arrays of very much 
larger particles, apparently also based on 
hierarchies of smaller spherical par- 
ticles.® The diameters of the larger par- 
ticles are of the order of the wavelength 
of visible light, and the unique 'fire' of 
opal is an optical effect analogous to the 
diffraction of x-rays by crystals. 

The detailed Internal structure of the 
small spheres is not known, but it is 
tempting to suppose that they are 
extended versions of the cage-like 
structures shown in F/g, 3{c). It seems 
unlikely that they are based on strings or 



ribbons of silica tetrahedra, as has 
sometimes been suggested.' Such 
structures could certainly curl up to give 
spherical particles, but it seems probable 
that cross-linking would then follow, so 
that the end product would be liriked in 
three dimensions anyway. Model build- 
ing ° shows that structures based on four 
and five nr:embered rings are compatible 
with many of the obsierved properties of 
the larger silicate species found in solu- 
tion; the proportion of five-membered 
rings increases as the size of the particle 
increases. If the five-membered ring is 
indeed-favoured-in-large silica or silicate- 
particles, the reluctance of many of these 
structures to crystallise might be a con- 
sequence of the well-known Incompati- 
bility of five-fold syrrimetry with infinite- 
ly repeating structures. In contrast, it is 
perfectly compatible with the production 
of approximately spherical units {Fig. 4). 

H w d es your garden grow? 

We cannot leave the subj ct of pre- 
cipitation from soluble silicates without 
referring to that most attractive experi- 
ment In which crystals f various soluble 
salts (group II and transition m tal salts 
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are particularly suitable) dropped into a 
silicate solution produce a 'chemical 
garden' (Fig. 5). The often fantastic 
growths that appear resemble oroani r 
structures, a nd with a little care most 
artistic Rects can be produced. It has 
long been realised that reaction between 
the salt and the solution precipitates an 
effectively semi-permeable membrane 
through which water is drawn by osmosis 
as the salt within, continues to dissolve. 
The internal pressure eventually ruptured 
the membrane, the salt solution thus . 
released reacts with the external silicate } 
solution producing more membrane, and ^ 
so the growth continues. The rate of 
growth is roughly proportional to the 
solubility of the salt. 

The chemical composition of the} 
membranes is less well appreciated.' 
T hey are frequently stated to b 'in - 
soluble silicates', which is certainly not 



correct for most of the salts used. A 
recent publication® considers that they 
are mixed hydrous oxides of uncertain 
composition. However for copper sslts 
they can be shown to be mixtures of the 
corresponding basic copper salt and 3 
silica gel.® It appears that the dissolving ~ 
salt reacts with. the alkaline silicate solu^^ 
tion, eg: 

CuCl^+OH- .Cu(OH)Cli+Cr 

The consequent reduction in pH bring 
the silicate solution into the instabilil 
region causing silica gel to precipii 
intimately mixed with the basic copp^ 
salt. Similar nri^^tenisms probably appjy| 
in other case^^^x 

Future developments 

What future developments can 
expect to see in the field of sbliil 
silicates? From the point of view f fiii 
damental chemistry, the complete rd^ 
scription of the species in sbliitibi 
through sets of pK values and equilib- 
riunr} constants for the various polymeric; 
species, for so long little more than a 
pipe dream, seems now to be not so v ry ' 
far away. It might be thought that under- 
standing of the process of s I and gel 
formation would automatically follow, 
but recent evidence'*'" shows that g I- 
ation and polymerisation are not directly 
Fig. 4. A pentagonal dodecahedron, show- 
ing how five-fold symmetry is compat- 
ible with finite spherical units. A ftifriHar 
unit, built from silicate tetrahedra, has. 
external dimensions of about 16 A. 





. A 'silicate garden': photograph courtesy Unilever Research. 



3Ct d. Application of dynamic light 
tring, ultrafiltration and electron 
scopy all show promise for study- 
1 formation and structure of the 
dal products. 

th technical side, we can expect 

1 ffort to be put into reducing the 
ly used in production. For example 
3thod of dissolving gliaiss con- 
usly at ambient pressure has been 
ibed;''^ m re efficient furnace 
in and better utilisation of waste 
ice h at ^eg to preheat raw 
rials), are oth r possibilities- 

2 consumption of silicates for deter- 
production will probably increase. 



Since the release of phosphate in efflu- 
ent water is suongiy discouraged in 
many countries it may be partially re- 
placed by silicate, even though the latter, 
unlike phosphate, is not an efficient 
sequestering agent for calcium. Zeolites 
can also be used to provide a 'built in' 
water softener for detergents. For this 
and other reasons production of zeolites, 
at present a very minor use of sodium 
silicate (Table 1), will almost ceitainly 
increase. The potential of zeolites in pet- 
roleum cracking has by no means been 
fully exploited. 

As petroleum prices continue to rise, 
we can expect to see greater pressure to 



substitute inorganic binders for organic 
ones. Tiles and composites based on 
soluble silicat adhesives, and the use of 
soluble silicate as a vehicle in specialist 
paints will become increasingly 
economic; such totally inorganic 
materials have the additional advantage 
of complete non-flammability. Not for 
nothing are man's oldest artefacts and 
many of his most enduring structures 
based on silica. 
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THE MANUFACTURE OF SOLUBLE 
SILICATES 



The processes used for the manufacture of soluble silicates, chiefly sodium or potassium, fall into 
two broad categories, the furnace route and the hydrothermal process. 

The furnace or glass method is characterised by the direct fusion of sand and a source of alkali, which 
is normally in the carbonate form, in an oil or gas fired regenerative furnace at a temperature of about 
1 400'C. This temperature is needed to achieve a reasonable operating melting rate combined with a 
viscosity low enough to provide a continuous stream of molten glass through the furnace. The 
molten glass is very corrosive to refractory materials and great care is required in furnace design. 
When solid, the glass is dissolved In water under conditions of elevated temperature and pressure to 
give a range of commercial solutions. 

The hydrothermal process depends upon the direct dissolution of sand or another source of pure 
silica in caustic soda, in nickel lined autoclaves. Modern plant design permits efficient operation and 
control under the extremely aggressive working conditions involved. Using advanced computer 
controlled techniques, silicate solutions can be made by this process to extremely fine tolerances for 
such parameters as silica: alkali ratio and density. 




The sand and alkali required for the manufacture of silicates by either process must be of high purity. 
Typically, commercial silicate solutions contain about 200 parts per million of iron and aluminium 
(expressed as oxide) with less than about 5 parts per million of other individual heavy metal 
contaminants. Where specifi c a pplication conditions impose even stricter purity requirements, for 
example in the detergent or chemical industries, these cWbe achievedWrticularly via the 
hydrothermal route by careful selection of starting materials and control of process parameters. 
Finally, modern filtration techniques can be applied to both processes to give brilliantly clear 
products. 

Silicate solution of any silica : alkali ratio can be dried to produce a range of hydrous powders which 
usually contain 1 5%-25% moisture, depending upon the operating conditions. The manufacture can 
be carried out in drum or spray driers or fluid bed conditions to give products with a range of 
densities, solubilities and particle sizes to suit particular application requirements. 

Crystalline metasilicates can be made by the furnace or glass route mentioned previously but modern 
processes mostly use rotary moving bed techniques or fluid bed driers. Such processes give spherical 
highly soluble materials which are ideally suited for use in compounded detergent formulations. 

The following diagrams illustrate schematically the two principal techniques for the manufacture of 
alkaline silicate. 
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CHEMICALS 

THE CROSFIELD RANGE OF 
SOLUBLE SILICATES 

* CROSFIELD CRYSTAL SODIUM SILICATE SOLUTIONS 

By far the greatest number of applications of sodium silicate require the material in the form of an 
aqueous solution. The Crosfield Crystal range includes products having silica to alkali ratios from 
1 .60: 1 to 3.85: 1 . This range spans the area over which wholly stable sodium silicate solutions can 
be produced and makes available materials to cover all possible user requirements. 

Crystal sodium silicate solutions are manufactured by special processes which result in products of 
high purity and clarity. 

In the Crosfield nomenclature, each product is defined by a number representing its density in 
degrees Twaddell, along with a qualifying letter designating ratio where appropriate. Typical data for 
the full range is shown below. 



Grade 


Mean Density at 20*C/20'C 


Mean Wt 

Ratio 
SiOjiNajO 


Mean Mol 

Ratio 
SiCjiNajG 


Mean 
Na^O 
% 


Mean 
SiO^ 
% 


Mean 
Total 
Solids 
% 


Viscosity 
at 20'C 

cPt 
(mPast) 


Litres 
per 
Tonne 


Gallons 

per 
Tonne 


Tw 




SG 


Crystal 140 


140.0 


59.7 


1.70 


2.00 


2.06 


18.00 


36.00 


54.0 


100000 


586 


129 


Crystal 1 25 


125.0 


55.8 


1.62 


2.00 


2.06 


16.55 


33.15 


49.7 


4000 


614 


135 


Crystal 1 20A 


120.0 


54.4 


1.60 


2,00 


2.06 


16.07 


32.15 


48.2 


2000 


623 


137 


Crystal 1 20H 


120.0 


54.4 


1.60 


1.60 


1.65 


17.98 


28.75 


46.7 


900 


623 


137 


Crystal 1 1 2 


112.0 


52.1 


1.56 


2.00 


2.06 


15.27 


30,55 


45.8 


800 


641 


141 


Crystal 106 


106.0 


50.2 


1.53 


2.70 


2.79 


12.45 


33.60 


46.1 


3 000 


650 


143 


CrystallOOA 


100,0 


48.3 


1.50 


2.00 


2.06 


14.03 


28.05 


42.1 


200 


664 


146 


Crystal 1 0ON 


100.0 


48.3 


1.50 


2.25 


2,32 


13.20 


29.70 


42.9 


275 


664 


146 


Crystal 100S 


100.0 


48.3 


1.50 


2.50 


2.58 


12.45 


31.10 


43.6 


400 


664 


146 


Crystal 96 


96.0 


47.0 


1.48 


2.85 


2.94 


11.20 


31 .95 


43.2 


600 


673 


148 


Crystal 95 


95.0 


46.7 


1.47 


2.65 


2.73 


11.50 


30.70 


42.2 


270 


673 


148 


Crystal 90S 


90.0 


45.0 


1.45 


2.82 


2,91 


10.70 


30.17 


.40.9 


> 200 


691 


152 


Crystal 84 


84.5 


43.1 


1 .42 


3.20 


3.30 


9.45 


30-25 


39.7 


650-1200 


700 


154 


Crystal 82 


82.0 


42.2 


1.41 


3.30 


3.41 


9.07 


29.90 


39.0 


700-1 200 


709 


156 


Crystal 79 


79.5 


41.2 


1.40 


3.30 


3.41 


8.85 


29.25 


38.1 


250^ 500 


714 


157 


r Crystal 75 
Crystal 74 


75.0 


39.6 


1.38 


3.20 


3.30 


8.6i3 


27.60 


36.2 


100 


727 


160 


74.0 


39.2 


1.37 


3.^7 


3.48 


8.25 


27.90 


36.2 


150 


732 


161 


Crystal 70 


70.0 


37.6 


1.35 


3.30 


3.41 


8.00 


26.40 


34.4 


70 


741 


163 


Crystal 66 


66.0 


36.0 


1.33 


3.65 


3.78 


7.19 


26.25 


33.4 


200 


750 


165 


Crystal 52 


52.5 


30.2 


1,26 


3.85 


3.97 


5.75 


22.20 


28.0 


20 


791 


174 



t Unless a range is stated the viscosities here given are average values 



*CLAYSIL MODIFIED SODIUM SILICATES 

CJay-^loade d sodium silicates are ayailable^or use as a dhes ives in paper board lannination, case- 
sealing and the bonding of insulation materials. These products prevent prematlji^ absoT^^ 
sodium silicate by very porous surfaces, the quantity of clay required increasing in relation to the 
porosity of the surface. 





Mean Wt 


Mean Mol 


Mean 


Mean 


Mean Total 


Viscosity 


Grade 


Ratio 


Ratio 


Na^O 


SiO, 


Solids 


at 20"C 




SiO^rNa^O 


Si02:NajO 


%• 


% 


% 


cP 














(mPas) 


Claysil No. 1 


3.30 


3.41 


6.57 


21.70 


48.3 


25C^1 200 


Claysil No. 5 


3:30 


3.41 


8.30 


27.39 


40.7 


250-1000 



* Crosfield Crystal' and Claysil' are trade marks 
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* PYRAMID SODIUM SILICATE GLASS 

Sodium silicate glass is an anhydrous solid, having a low rate of solubility in water under normal 
conditions. 

Pyramid sodium silicate glass is available in two basic compositions. Pyramid AL and AP Alkaline 
have a 2.00:1 silica to sodium oxide ratio and Pyramid NL and N P Neutral a 3.35:1 ratio. 

Both grades are supplied in either lump or powder form. 



Grade 


Mean Wt 

Ratio 
SiO^iNajO 


Mean Mol 

Ratio 
SiOjrNajO 


Mean 
Na^O 

% 


Mean 
SiOj 
% 


Physical 
Forrn 


Pyramid AL 


2.00 


2.06 


33.15 


66.30 


Lump 


Pyramid AP 


2.00 


2.06 


33.15 


66.30 


Powder 


Pyramid NL 


3.35 


3.46 


22.90 


76.72 


Lump 


Pyramid NP | 


3.35 


3.46 


22.90 


76.72 


Powder 



CRYSTAL SOLUBLE POWDERS 

Soluble powders are forms of solid sodium silicate which are soluble in water under normal 
conditions. They are produced by spray-drying sodium silicate solutions in such a way that about 
20% water remains in the solid- 
Crystal soluble powders are available in two grades as shown below. Crystal C powder has a silica t*^ 
alkali ratio of 2.00: 1 and is soluble in cold water, whereas Crystal M powder, because of its higher 
ratio of 3.30: 1 , dissolves more readily at a higher temperature (75X-80**C). 



Grade 


Mean Wt 

Ratio 
Si02:Na20 


Mean Mol 

Ratio 
Si02:Na20 


Mean 
NajO 

% 


Mean 
SiOj 
% 


Mean Total 
. Solids 
(approx) 
% 


Bulk Density 
g/Litre 


Crystal C Powder 


2.00 


2.06 


27.00 


53.00 


80.0 


400-500 


Crystal M Powder 


3.30 


3.41 


18.50 


61.50 


80.0 


550-650 


Crystal AL Powder 


2.00 


2.06 


28.00 


56.00 


84.0 


80-120 



PYRAMID POTASSIUM SILICATES 

The Pyramid range of potassium silicate solutions includes products having silica to alkali ratios 
ranging from 1 .43:1 to 2.48:1 . Each product is defined by a number representing its density in 
degrees Twaddell. 



Grade 


Mean Density at 20*C/20°C 


Mean Wt 


Mean Mol 


Mean 


Mean 


Mean 


Litres 


Gallons 








Ratio 


Ratio 


K^O 


SiO, 




per 


per 








Total 






- SG^ - 


-SiO^iK^O-. 


^-Si0,:K^0^ 


- - 


- % - 


Soiids - 
% 


-Tonne 


^ Tonne- 


Pyramid K1 20 


120.0 


54.4 


1.60 


1.43 


2.24 


21.60 


30.80 


52.4 


623 


137 


Pyramid K84 


84.0 


42.9 


1.42 


1.89. 


2.96 


14.50 


27.20 


41.7 


700 


154 


Pyramid K81 


81.5 


42.0 


1.41 


2.01 


3.15 


13.65 


27.45 
-27^10' 


41.1 


704 


155 






^4:0r9^^ 


;t?^1^39.^^1 


si/-^^2^09^-v=* 




1:3.^0- 




^71&- 


^58^^ 


Pyramid K71 


76.0 


39.9 


1.38 


2.14 


3.35 


12.45 


26.65 


39.1 


722 


159 


71.0 


38.0 


1.35 


2.05 


3.21 


12.10 


24.80 


36.9 


741 


163 


Pyramid K66 


66.0 


36.0 


1.33 




3.21 , 
iC3l89^ 


11.40 


23.35 


34.8 


750 


165 


Pyramid K53W 


53.0 


30.4 


1.26 




8.60 


21.30 


29.9 


791 


174 i 


Pyramid K49 ] 


49.0 


28.5 


1.24 




3.45 


8.60 


18.90 


27.5 


804 


177 



• 'Pyramid' is a trade mark 



PHYSICAL AND CHEMICAL 
PROPERTIES OF SOLUBLE SILICATES 



STRUCTURE 

The proportions of silica and alkali in soluble silicates are usually expressed on a weight ratio basis 
with the alkali as M^O held at unity. For example a sodium silicate solution containing 36.0% SiOa 
and 1 8.0% Ha^O would be said to have a weight ratio of 2.00:1 the silica usually being expressed 
first. As the molecular weights of Na^O and Si02 are very similar, there is only a very small difference 
between the weight ratio and molecular ratio for a particular sodium silicate but this is not so for 
potassium and lithium silicates. 

The molecular ratio is obtained as follows: 

Sodium silicate :.Tic!GCulcr rcjtic = 1 .032 x weight ratio 
Potassium silicate:molecular ratio = 1 .568 x weight ratio 
Lithium silicate : molecular ratio = 0.50 x weight ratio 

Silicate glasses contain SiO^ tetrahedra which are common to the many forms of silica, crystalline 
silicates and glasses. The silicate tetrahedra may be monomers or polymerised with up to four other 
tetrahedra sharing oxygen-atoms to form Si-O-Si bridges. A situation would never arise however, 
where two tetrahedra would be joined by more than one oxygen atom. 

The overall structure in the glass is a random arrangement of the SiO^ molecules with sodium ions 
spaced in the interstices. This structure explains the rather unusual melting point curve in Figure 1 
which is obtained for sodium silicate glasses of various ratios. The values given are not true melting 
points, but rather flow points as it is impossible to measure an accurate melting point. A similar flow 
point curve can be constructed for potassium silicate which shows higher values than the 
corresponding sodium silicate— a property utilised in applications such as insulation materials where 
temperature resistance is important. 



FIGURE] 

1200 



THE SOFTENING POINT OF SODIUM SILICATE GLASSES 
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CHEMICALS 

Soluble silicate solutions contain mixtures of ions, some of very high molecular weight. The type and 
distribution of the ions depend upon the ratio and concentration of the particular solution. Solutions 
having a molecular ratio of approximately 2.00: 1 or below will tend to be nearer to true solutions 
containing SiO*" and Si^Og^" ions, usually in a hydrated form. While the higher ratios will contain 
these same two ions, a large proportion of the silicate will be present as higher polymers. It is 
believed that an equilibrium situation develops for any given chemical composition of solution, but 
the time required for the equilibrium to become established after production or change in the 
solution will depend upon the efficiency of mixing. There is evidence that equilibrium is more easily 
established with lower ratio (SiOa: MjO) solutions. In silicates with a ratio of unity or below such as 
the sodium meta-, and orthosilicates some of the characteristics of true solutions are exhibited. 

The sodium and potassium silicates having a molecular ratio exceeding 2.50:1 are generally classed 
as "neutral" and those with a ratio of less than 2.50 : 1 are termed "alkaline". These classifications are 
not strictly speaking correct, however, as all silicate solutions have an alkaline reaction as shown in 
Tables 1-3. 

TABLE 1 — pH VALUES OF VARIOUS SODIUM SILICATES IN THE CRYSTAL RANGE 





Mean 


Mean 


pH of 


pHof 1%w/w 


Grade 


Molecular 


Total 


Product 


Solution 




Ratio 


Solids 








SiO^iNa^O 


% 






Crystal 120H 


1.65 


46.7 


13.5 


11.9 


Crystal 1 25 


2.06 


49.7 


13.2 


11.7 


Crystal 1 1 2 


2.06 


45.8 


12.9 


11.6 


Crystal 1 0OA 


2.06 


42.1 


12.7 


11.4 


Crystal 1 COS 


2.58 


43.6 


12.3 


11.2 


Crystal 95 


2.73 


42.3 


12.2 


11.1 


Crystal 96 


2.94 


43.2 


12.1 


11,1 


Crystal 84 


3,30 


39.7 


11.8 


10,9 


Crystal 79 


3.41 


38,1 


11.6 


10.8 


Crystal 52 


3.97 


28.0 


10.9 


10.5 



TABLE 2 — pH VALUES OF VARIOUS POTASSIUM SILICATES 
IN THE PYRAMID RANGE 





Mean 


Mean 


pH of 


pH of 1 % w/w 


Grade 


Molecular 


Total 


Product 


Solution 




Ratio 


Solids 








SiOjiKjO 


% 






Pyramid K1 20 


2.24 


52,4 


12.6 


11.5 


Pyramid K66 


3.21 


34.8 


11.8 


10.9 


Pyramid K53 


3.89 


29,9 


10.9 


10.5 



TABLE 3 — pH VALUES OF SODIUM META — AND ORTHOSILICATES 





Mean 


Mean 


pH of 10% w/w 


pH of 1% w/w 


Grade 


Molecular 


Total 


Solution 


Solution 




Ratio 


Solids 








SiO^iNa^O 


% 






Metso Sodium 


1:1 


57.0 


13.0 


12.3 


Metasilicate 










Penta hydrate 










Metso Sodium 


1:1 


100 


13.2 


12.5 


Metasilicate 




Anhydrous 










Acsil 0 Sodium 


1 :2 


63.0 


13.4 


12.8 


Orthosilicate 








Acsil OC Sodium 


1:2 


89.0 


13.5 


12.9 


Orthosilicate 








Concentrated 











The stability of silicate solutions depends to a large extent on pH and a silica hydrogel will be formed 
whenever the pH of sodium silicate solution is reduced below about 1 0. The actual time required to 
form the gel depends on several factors, the most important being pH and concentration of the solution. 
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ion of silica particles prepared by methods 
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Silica Nucleation, Polymerization, 
and Growth Preparation 
of Monodispersed Sols 



Akitoshi Yoshida 

Central Research Institute, Nissan Chemical Industries, Ltd., 722-1 Tsuboi- 
cho, Funabashi-shi, Chiba 274, Japan ' 



Tlie industrial development of silica sol manufacturing methods is 
~ » — j^^i^o^i^ v»» c/n; pnrpuraiian oj mono- 
dispersed sols from water glass by the ion-exchange method. Details 
are given for variations of manufacturing process and for the 
characteristics of both the processes and sols obtained. Furthermore, 
the following surface modifications of particles are demonstrated: 
silica soU stabilized with ammonia, amine, and quaternary ammo- 
nium hydroxide; aluminum-modified or cation-coated silica sol; and 
lithium silicate. Finally, future trends in silica sol manufacturing are 
discussed from the viewpoint of not only raw materials and improve^ 
ment of the procedures but also the function of the silica soLs and 
their particle shape. 



M 

iTXONODISPERSED SOL IS COMMONLY REFERRED TO aS silica Sol Or colloidal 

Silica. The term "colloidal silica" here refers to a stable dispersion of 
discrete, amorphous silica particles. 

The industrial development of silica sols first began with the initial 
research by Graham (J) in 1861 involving the addition of hydrochloric acid 
to an aqueous solution of sodium silicate followed by dialysis to obtain 
dilute silica sol. In 1933. silica sol containing 10% SiO^ was first marketed. 
I his step was followed in 1941 by the announcement of an ion-exchange 
process (2), including procedures for stabilization and for concentration of 
the sol by heating, that used an ion-exchange resin to remove sodium ions 



0065-2393/94/0234-0051$08.00/0 
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GRACE Davison 

LUDOX® 

Colloidal Silica 




Properties, Uses, 
Storages and Handling 



introduction 

LUDOX® is aqueous colloidal dispersion of very 
small silica particles. 

They are opalescent to milky white liquids. 
Because of their colloidal nature, particles of 
LUDOX® have large specific surface area which 
accounts for the novel properties and wide 
variety of uses. 

All grades are produced following proprietary 
processes and although the chemistry involved 
is the same, different processes can lead to: 

• mono-dispersed, very narrow particle 
size distribution for LUDOX® (figure A) 

• poly-dispersed, broad distribution for 
LUDOX® P (figure B). 

This fundamental difference makes the GRACE 
range one of the most versatile available world- 
wide. The end users have shown preference for 
one or the other depending on the application 
and their own processes. 



Table 1 and 2 show the major characteristics of 
each individual grade. 



GRACE Davisol^ 

LUDOX® 

Colloidal Silica 



Table 1 - LUDOX® P (Poly-dispersion) 



SSA'> 
Particle size 


SiO^' 
content 




Cation 


Additive 


Grade 


230 - 290 / small X 


30% 


. X30 


Na+ 


None 


X30 
X30FS 


1 30- 1 80 / inter- 
mediate T 


40% 


T40 


Na+ 


None 


T40 


(NH4)+ 


None 


T40AS 


60 - 90 / large W 


30% 


W30 


Na+ 


None 

EG^' 


W30 
W30FS 


50% 


W50 


Na+ 


None 
EG^i 


W50 
W50FS 



" SSA = Specific surface area (mVg Si02) 
^ EG = Eth/lene glycol (a nti -freeze agent) 



Table 2 - LUDOX® (Mono-dispersion) 



CCA1) 

Particle size 


SiO^> 
content 


Conter 
Ion 
Surf, coat 


Additive 


Grade 


320 - 400 / very small SM 


30% 


SM30 


Na+ 


None 


SM30 


(NH4)+ 


None 


SM-AS 




40% 


HS40 


Na+ 


None 


HS40 




Na+ 




HS40FS 








Na+ 


None 


HS30 








Na+ 




HS30F 




30% 


HS30 


Na+ 


Alkali 


HS30HipH 








Na+/Al . 


None 


AM 








(NH4)+ 


None 


AS30 


198 -258 /small HS 




CL 


CI Ml 


None 


CL 








Polymer 
Surfactant 


SK 










Polymer 


SK-B 




25% 


SK 


None/ Al 


nign /v\w^ 
Polymer 












Polymer 
Surfactant 


SK-F 


LS 


30% 


LS 


Na+ 


Low Na 


LS 


29 - 1 55/intermediate AS 


40% 


AS40 


(NH4)+ 


None 


AS40 




50% 


TM50 


Na+ 


None 


TM50 




45% 








CL-X 


110-1 50/infermediate TM 


40% 


TM40 


Na+ 


None 


TM40 




34% 




N 




TMA 




30% 




Na+ 


X^' 


PGE 



" SSA = Specific surface area ^' EG = Ethylene glycol 

^' Mw = Molecular weight *^ X = Proprietary additive (not disclosed) 



Table 3 - Typical Properties of LUDpX® Colloidal Silica 



Grades 


Stabilizing counter ion 


LUDOX* 
HS40 


LUDOX* 
HS30 


LUDOX"^ 
TM 


LUDOX* 
SM 


LUDOX' 
AM*" 


LUDOX® 
AS 


LUDOX* 
LS 


LUDOX® 
CL-X 


Sodium 


Sodium 


Sodium 


Sodium 


Sodium 


Ammonium 


Sodium 


Sodium 


Particle charge 


Negative 


Negative 


Negative 


Negative 


Negative 


Negative 


Negative 


Negative 


Specific surface area, m V g 


220 


220 


140 


345 


220 


135 


215 


130 


Silica (as Si02), wt % 


40 


30 


50 


30 


30^ 


40 


30 


46 


pH (25 ''C) 


9.7 


9.8 


9.0 


10.0 


8.9 


9.1 


8.2 


9.1 


Titratable alkali 

(asNa20), wf % 


0.41 


0.32 


0.21 


0.56 


0.24 


c 


0.10 


0.19 


Si02/Na20 (by wt) 


95 


95 


225 


50 


125 


220*^ 


270 


230 


Chlorides (as NaCI), wt % 


0.01 


0.01 


0.03 


0.01 


0.007 


0.005 


0.003 


0.03 


Sulfates (as Na2S04), wt % 


0.03 


0.03 


0.08 


0.04 


0.006 


0.007 


0.003 


0.07 


Viscosity (25 "Q, cP, (mPa«s) 


16 


4 


40 


5,5 


7 


11 


8 


17 


Wt per gallon (25 "C), lb 


10.8 


10.1 


11.6 


10.1 


10.0 


10.7 


10.0 


11.4 


Specific gravity (25 


1.31 


1.21 


1.40 


1.22 


1.21 


1.30 


1.21 


1.37 



° Surface modified with aluminate ions 



Concentration includes Si02 + AI2O3 
^ Sol contains 0.16 % NH3 and 0.08 % Na20 (occluded) 
^ Si02/NH3 



The above table gives typical properties based on historical production performance, GRACE does not make any express or implied 
warranty that these products will continue to have these properties. 



